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PR F.FACE 



This book M a drvelupiDefit ol cUuw and lerturp n<>t4« used by 
ike autbur m hi* diwm at the I'nivenaty ot ML&>uuri. The 
■«tb|ert matter m arranged to pve a topical, pruf^retwive approaeh, 

iatnMlurt&« prenNiuMte informalkjn a» it i« needled in planninK 

^ varvHu buikim^K in the farmin* induatry. The di\Tidon into 
cbaplera m made from the atandpuint of a unit for study ratlier 
iKan f,a- tbe «ihjert matter rootainrd. The qut-stiona and 
proWema form tbe baaia for student reporta and diHeumiona. and 
whea a laboratory prrv*i ia aulistituted for rlai*.rtH»m work they 
aid tb^odmt m berominK familiar aith the subject ao that hi* 
euadurt tbe actual w«ab aiih materiaU in the Uljoratorv. 
qumUona and probletna offi*r opportunity for the instructor 
to <^te mteniia in tbe aaiaicnment for future work. 

diaeuau bdlowed by a ah<Hl lecture peri<Kl Rivea the 

to m^e apfdicatHjn of the material to practical 
P»«»h|^ and to brine «n o«ta«ie information of interest 

A d^le at^pt ^ nmde to av«,id tl«. handbexik typ«. 

»d « .t“ I• J^' "" "*' xf f- l. 

•"■■'■I'n*.. y.rd.. *»U,, „d 

*’rxmd aditioii. proWema haa lieen given in Uiis 

Tba hook wifi ba vaJuaUe to fam. 

J -.mta. ruction., teaebelZ 

^UmmBy oonfronted with problema ^'***’^**^' ***" 

P^«»*«n» reUting to atructure*. 
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PREFACE 


l^he problem may be one of fitting buUdings to a farm, of deter- 
mining the value of existing buildings, of planning new buildings, 
of replanning and repairing old buildings, of modernizing the 
home, or of arranging a building group. Whatever the problem, 
some suggestions will be found that will be of help m its solution. 

Much of the material in the text is not original vnth the author 
but has been compiled from numerous sources and from discussion 
and correspondence ^v'ith men in structures work in various 
colleges No attempt will be made to give credit except m the 
courtesy notes found throughout the text. However the author 
wishes to acknowledge the valuable help rendered by R. 1 • 
Beasley, instructor in agricultural engineering, Imiversity ot 
Missouri, in checking and criticizing the contents. 


JOHX C. WOOLEY 


(UiLUMBiA, Missouri, 
May, 1946 . 
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FARM BUILDINGS 

PART I 

General 


CHAPTER I 

THE DEVELOPMENT OF FARM BUILDINGS IN AMERICA 

To get the most out of each assignment, it is desirable for the 
reader to review his own experiences as well as the principles 
learned in related courses bearing on the subject to be studied. 
The reader may have seen some of the famous homes of the 
pioneer period that are being preserved for the purpose of giving 
present and future generations a knowledge of the tvpes of struc- 
tures the equipment, and the general mode of living prevailing 
at different tiines in our history. The Lincoln home. Mount 

L Hermitage, Monticello, the colonial homes at 
.>.atchez. Miss., and scores of others tell a story that could not 
otherwise be so well understood or appreciated. The reader 
may have seen some of the old barns with their threshing floors 
timber frames, and rows of stalls that indicate the size of the 

Ire of farm homes and farm living 

are a^ aila^ble in many books on the different periods Movine 

pictures depicting pioneer times help visualize life during th? 
development of our country. ^ 

PERIODS IN BUILDING DEVELOPMENT 
1. The Pioneer Period.-The settlement of anv new oountrv 

™.ate ana .r Jo^ ^—fX; 'raXiXXXX 
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various seasons. They fashioned their own machinery built 
their own homes, and protected them from wild ammals and 
Indians with little organized help from the outside. Money was 
scarce, but little was needed, for there were no buyers; and even 
if salable commodities in excess of individual family needs had 
existed, it would have been impossible to reach a market over the 

poor timber trails that served as roads. 

Schmidt and Ross, in their - Readings in the Ej^onomic H . 
tory of American Agriculture,” have this to say about this self- 

sufficiency period; 

From an economic point of view American society in 1815 can best be 
deLS as made up, for the most part, ot small rural commuu,t.e.s 
• scattered over an immense area, having little commercial intercourse 
Tth each other or with the outside world. The only part of the coun¬ 
try where this was not the case was a narrow strip of territory * 

seaboard The communities near tide water and on or near naMgab 

;treams in this strip, could and did carry on small 

else the people lived in isolated, self-sufficing communities Inch pro- 
to * praelllly everything whieh they consumed. Everyone tdW 
the soil and every farmer was a Mack ot all trades'. It may no^ 

thfn it haA before the revolution. Then the settled area where 
these conditions prevailed could not have included more than about a 
third or possibly a half of the population. The rush of the people into 
the West which followed the revolution carried the settlements to the 
Mississippi and beyond by 1830 and spread the population over a la g 
Tart oT?L intervening territory. The back country, as ^as cal e. 

„herc the* “T tt pnpuls- 

livTundtlo^ons of commercial isolation. It did not. a. 
U comm.mly .aasumed, bring any economic advantage to the people ^ 
whZ that is it did not increase their ability to produce wealth but 
rather ha<i the opposite effect. It greatly increaaed what has always 
l«en the chief obstacle to the production of wealth in American society, 
name y lack ot division of labor. In spite ot the great energ,- and effi¬ 
ciency of the intlividual laborers, American industry m funeral w« not 
1 ■ hiv oroductive in colonial times. There was alwa.vs plenty of rud 
oimtort, but not much wealth. It was easy to |,r™tuce the bare necess,- 

ties but difficult to prcMluce anything more. 

/dc,afrr».cnl..-The function of j 

.self-sufficing period was limite.1 to the protect,on of the fattn 
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family and thoir food supply from wild animals, Indians, aiul tlir 
weather. The dw^elling, although not large, was the prineipal 
building on the farmsteafl. In the timbered eountr\' the log 
house was the universal type. Logs were hewed on two sid(‘s 
and fitted together as closely as pos.siblc. d’he cracks wei'e 
chinked with mud or lime mortar. The logs were notched and 
fitted together at the corners of the structure. Foundations were 
of atone or of wood blocks or possibly of logs laid in a trench at 
the beginning of the structure. Pole rafters anrl split shingles 
made the roof. The doors, made from hewed lumber, were fas¬ 
tened together with wood pins and hung on wood hinges. Heat 
was furnished by a single fireplace in the one-room cabins and 
by one fireplace in each end of the two-room cabins. Tho.s<> 
fireplaces, made of rocks or of logs and claj', were built large so 
that logs of considerable size could be rolled onto the fire. 

The pioneer home of the prairie was the sod house. This 
was the logical type of building for several rea.sons. Building 
material for construction of any other type must be brought 
long distances, and therefore the log cabin of the forest region 
was out of the question. Fuel wa.s scarce, and the sod house 
was easily heated. Winter blizzards swept acro.ss the plains 
mid the sod hou.ses, built partly into a hillside or ledge, gave the 
.les.r«i protection. Prairie fire* «ere common, and the sod house 
»as built to resist Are. Bess Streeter Aldrich in her book 

h,l “ r V H*'-'Hand” gives this description of a sod house 

built on the Nebraska prairie: 

tile'll' feet long and laiil 

for the windows. The inside dimensions of the lions, were thirty be 

with hoopekirted feiSninrp“lgons 7tvle “o''ut‘'oT g'';“ ■ 

Abbie moved from tL praiS'choon:;. 

.vearslrom”^ ,o w“Ytm;:grt"h Im, 
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ment in asriculturc, more or less correctly characterized as 
l)eriod of expanding markets. During most of this period the 
thoughts of agriculturists were given to problems of production. 
Except for a few short periods during the century, the market 
absorbed all that could be produced. Most of this market came 
through the development of internal trade resulting from a divi¬ 
sion of occupation among the population. Instead of each man s 
attempting to supply all his own needs from his own labor, the 
farmers were selling wool and buying clothing, selling hides and 
buying shoes and harness, and selling wheat and buying flour. 
Schmidt and Ross have this to say about the development of 

internal trade: 


One of the striking features of the economic development of this coun¬ 
try during the first half of the nineteenth century was the rise of interna 
trade While such trade had existed to some extent even in colonial 
times, its amount was too smaU to be of much importance down to as 
late a date as 1815. The New Englanders carried a little fish and a few 
manufactured products like shoes, tinware, and wooden clocks to the 
middle states and the South, and brought back a little gram, and in later 
years, a little cotton. The merchants of the seaboard cities sent a few 
articles of necessity and luxury to the ‘back country and the Ohio 
Valiev A few herds of cattle were driven eastward from these repons 
to the seaboard, and a little produce was sent down the Ohio and Missis¬ 
sippi to New Orleans. But the value of all this trade prior to 1814 was 
inJgnificant. During the forty-five years from 181 5 to 860, these 
small rivulets of internal trade swelled into a great volume which, at the 
latter date, equaled in value, if it did not exceed, the foreign commerce 
of the country. It is extremely difficult to find out the facts concerning 
the growth of this internal trade. It can only be measured by the ton¬ 
nage of steam boats, the growth of cities, and towns, and the de\ elop- 

ment of railroads and highways. 


Division of Labor.— During this century of expanding markets 
a practice of division of labor developed in America. Adam 
Smith, a famous English economist, rightly regarded this practice 
as the most important factor affecting the ability of a community 
to produce wealth. As division of labor grew it became possible 
for the first time for an individual to devote himself to the pro¬ 
duction of one or a few articles best suited to his productive 
ability and to depend on other members of his community, or 
even upon foreign markets, for commodities he could produce 
only at a disadvantage. The markets for various commodities 
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that now* arase opened the way, also, for organization of labor in 
various industries in which such organization had been unknown 
l^efore. This organization began to show itself in the ironworks 
of Pittsburgh, in the slaughterhouses and machine shops of 
Cincinnati, the hemp mills of Kentucky, and the iron mills of 
Alichigan, as well as in other industrial centers. The economic 
advantages that had been enjoyed before only by the people of 
the seaboard were now extended to the whole country'. There 
was nothing spectacular in these changes. They came about 
gradually anti quietly; but in the course of a generation they 
wrought what amounted to an industrial revolution over the 


greater part of the country'. There had developed from the 

Jack-of-all-trades farmer of the pioneer i)eriod a farmer who 

devoted the major part of hLs time to the production of one or 

two products that, becau.se of his ability or environment, he could 

prtKluce at an ad^■antage. There began a division of occupation 
m agriculture. 

Th Country Carpenter.—Another group of men, known as 
country car,>enter,, was developing at this same period. In those 
days the name carpenter was given a man upon completion of a 
long peno.l of apprenticeship under the guidance of an expe- 
rienctsl carpenter. His pay was small and hLs work strenuous 
Wf^ek^ of work by the carpenter and hLs apprentice were 
reqmml l>efore the men of the community were called together 
for a barn mtsuig. The frames for the building were made from 

r^eL ‘r connected by mortice and tenon joints and 
b Z VT" nailing gir " 

this, he acquired the^ill u. K with 

eountry earpenterT^ ' 


6 


GENERAL 


with acivancecl methods, but many sturdy structures still remain 
as evidence of his ability. 

The lumber for many of these structures was produced on the 
farms on which they were built. Trees were cut and logs h^letl 
to the mill and sawed into pieces needed for the building. hu^ 
the barn or house, as the case might be, represented a great 

amount of work but a limited amount of cash. 

Building Requirements.— building requirements were 

greater but probably no more exacting than those of the selt- 
sufficing period. The ready sale for surplus products caused 
most farmers to practice in their farm building program the gen¬ 
eral slogan of the time, “bigger and better.” Size was empha¬ 
sized at the expense of service. Little thought was given to the 
influence of the structure on the quality of products marketec. 
on the health of animals housed, or on the efficient use of e 
farmer’s time. Less attention was given to building cost, because 
the increase in farm values easily covered the cost of buildings, 
even though extensive building was done. 

' The livestock of this period, although not so productive as 
present breeds, wa.s probably hardier and less snseept.ble to 
disease. Smaller herds and wider range may have lessened 
problems of sanitation. Farm products were not sold qmte so 
extensively, and inspection was not so rigid as it is at present. 
Many timi steers were carried along on maintenance rations 
untir they were two or three years old and then fed out or he 
market. Dairy cows were of the dual-purpose type “ no* 
need as careful housing as do the high-producing cows “f oda>^ 
Farm Labor.-A very efficient class of farm labor could be 
hired during this period. The hired men were recognized as a 
definite class of individuals in rural life. 1 

wage, because they were serving an apprenticeship lu g 
the time of their employment. Four or live years J' 
ally required in which to master the art of farming and to 
accumulate aufficieiit capital to make a beginning m t e 
of farming for ,heiiLscIves. Saving time m chores was m o 
much importance, t.ecau.se plenty of help was available. It 
two people were needed to transfer homes or cows from pastuie 
,n barn thev were available. Many of these hired me., worked 
about the farm during the winter months for their board, room, 
an.l laundry, since there was no other ein|.loyment to be had. 
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3. The Modern Period.—The present period, or the period 
of world competition, is characterized by efficiency in every line 
of endeavor. Manufacturing through mass production means 
standardization of parts and specialization of labor, resulting in 
greater production per man than ever before. Ry use of auto¬ 
matic machinery, one factory ivorker often does the work for¬ 
merly requiring 20 men. Transportation has been speeded up 

Jeaih thp'^ and finished products 

rrP«H ^ 'a a minimum of time and with a very 

dZ force of workers. Other occupations have 

developed and increased their efficiency in much the same 

manner, and therefore it becomes evident that agriculture must 

?.i«on “Jh othe “‘“h ‘ f com- 

petition with other industries for men. Today no class of hired 

men is bound to the soil. They have the means of knowing S 

men of equal ability are getting per hour in other kinds of work 

mtr; is dri ‘k, ‘he 

powerful as the operator himself *’*The^ ousands of tunes as 

as to prevent the inroads of Lease- to livestock so 

salable product • to nrov-ide onm f f •’ j produce a 

gains; and to enable him to care fn secure economical 

a business of sufhdent site to be frofitoWe™°ThT''”'' 

not mean a larger investment but it will m. 

analysis of the farmer’s needs and of the t , “ careful 

able to meet them. atnudures avail- 

Building Requirements .—The mnrlprrt ( 
cash income upon the thincs hp pp i <^ep<?nds for his 

of his profit depends unon amount 

he sells it for, fnd tLroZTrrTLftT^oroT'u."^ 


.1 ^ ^ X 

" ^mre Q = quaiititj'. 

= selling price. 

C = cost of production. 
R = profits. 


C) = P 
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If he can increase S or decrease C, he will increase his profits. If 
he increases the quantity of products he may increase either his 
profits or his losses, depending upon the relationship of sales 
price and cost of production. One way of increasing the .selling 
Uice is to improve the quality. In the case of dairy product^, 
especially milk, he must have a high-quality product in order to 
sell it at all. Consumers are demanding quality and in order to 
make sure they get it are specifying conditions under which the 
product is produced and handled. These rules are set forth in 
the particular milk ordinance that applies to the farmer s com¬ 
munity. These ordinances are usually concerned wuth provision 
of healthful surroundings for the cow and sanitary environmen 
for milking and handling milk. Practices such as removal of 
manure, handling of hay, sterilization of utensils, care of the 

milk, and even clothing of the worker come in 

In some sections farms are rated A, B, or C according to the 

extent to which they meet the requirements for 
quality milk. Dairies in some sections pay about $4, 8.3, and 
$2 per hundred pounds for milk from class A, B, and C farm.. 
This is sufficient inducement to encourage farmers to improv e 

their facilities and procedures. ^ ,^onv 

High-quality poultry products are being recognized in many 

markets. Some states have improved breeds, 
equipment to secure and maintain a high-quah y pr • 

W established a reputation for dependability and en,oy a 

differential in price. The formula for profats again to 

this enterprise, and a part of the improvement m quality and of 

the profit derived may be credited to buildings. 

cLsiderable attention is being given to ' 

quality of hay and grain, not so much that it might 
higher price on the market but that the feeding value may ^ 

improved. Barn curing of hay and the drying of 

grain is being carried out to secure improvement m feedi g 

'"^Thousands of dollars are being spent by farmers for 

feeds These feeds are made up for the most part fiom pro ^ 

of the farm. By curing hay and grasses cut at the ^ 

farm, much of the expen.se of advertising packaging, and trans 
portation from and back to the farm could be eliminated. 
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CHAPTER II 

fitting buildings to the farm 

The ideal situation in regard to the size and capacity of service 

far! Th! capacity ortL 

farm. The farmer who balances the livestock and poultry nroi 

ects ^v^th the ability of the farm to produce nasture ^ ^ 

Hlr“ -- “41“ 

ease and as a result the W ? ™®«P‘iMe to dis- 

than the loss in productior PeT“ Tn 

'rill be much the lame. On the*’ tk'** k“ T®*'' ■'aa'ilbs 

the size of enterprises to fit buiUHnirr h™k farmer reduces 

advantage. product.v.ty of the farm to the best 

•Farm buildings, long considered as real estate ^ 
are now being considered as a part of the e '"^F^o'^ements. 

for the successful operation of any enter^rise'^'''^"'^''* necessary 
4 In Trr" -OR THE E.HM 

fo be eoSde'r?d.'tr Tn ‘mTorU 

lami. If the projects selected d^n 

taining or perhaps building un the °ri ^“clude plans for main- 
no matter how ideal the other parts^oM^'^'Y 

certain to fail in the end. * ^ l^’nject i.s 

row crop production. ^'Tt irevdden^t uri 

-- -- meadow, and 
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management plan including terraces is needed. Dairy farming is 
nrobably the best selection to secure this correct land use. It 
the owner continues to farm with corn and soybeans as major 
crops he will certainly be doomed to failure in the end no mattei 

how good his buildings or his methods of cultivation. 

6 The second factor to be considered in selecting enterprises 
is the availability of markets. If a farmer is to do more than 
provide a living for his family he must have something to sel 
which the market demands. In some localities there is a constant 
demand for whole milk. This would warrant consideration of 
the dairy enterprise. A good price and a steady demand for 
fresh eggs makes the poultry enterprise attractive^ A goo 
market for sw^eet cream makes a combined dairy an « 

dairy and poultry enterprise desirable. A farm located at som 

distance from market or on a dirt road making ® 

difficult and uncertain, might require selection of beef catt 
beef cattle and hogs as the principal enterprises, because th > 
can be marketed as desired. If high-quality hay is in demand 
some farmers may be justified in producing it as a major enter¬ 
prise. There is a fluctuation in the demand for farm 
Lm time to time, making one enterprise more profitable th 
another for a time. It probably will not pay a farmer to drop 

r enterprise and set up another with eaeh f 

however he can emphasize one over another from time to time 

and take advantage of market changes. He mil 'J; 

foundation stock in the enterprises that are being “ 

that he will not be penalized when 
demands preference. Such a plan of changing 

adapted cheaply and quickly to the hog, sheep, poultry, dair> 
’’"vlatketing is such an important factor in success that it 

deserves careful consideration in the selection of enterprises. 
■‘'rThe thtd factor to be considered is '"e prc/cr^e - 
nhihhi of the overator. Some men enjoy working Nnth da . 

cowsf others find their liking in beef-cattle 

production, or in poultry. Still others enjoy using mm liin ^, 
and prefer crop-production enterpii.ses. I ^ „^eference in 

lion when the farmer secures a farm where hu \ 
enterprises fits into the land use and marketing situation exist g. 
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Such a farmer will enjoy hi« work and in a high percontiigo of 
raae# will be wicceasful. 

Tlfce late t han<'ellor Lindley of Kansas expressed this truth as 
follows: I)o the thing that vou like to do and then get paid 

for It ” 


THE 


7. In order to determine siae of the business the productive 
capticity of the Uifui must be known. The productive capacity 

1. S^ni^rsoDVf-rntTT Cuasmtication* 



I>«rription 


Principal upland stories 


I 


ProiluctiT® land, all suilahlr for 
cultivation Averaac com 
yicida 40 bu. or morr per acre 
Abo\Y tnediuni productivity, all 
suitable for cultivation. Avrr- 

•«e com yields 30-40 hu. per 
a<’re 

XlMium productivity, practi¬ 
cally ail liUaWe Average com 
yicldj 30-30 bu. per acre 
Hei<»w medium producti\*ity. 
May Of may not be tillable. Injt 
auitabW for pasture. Average 
.vra yieltU below 30 bu per 


^l^J^baJl, Cirundy, Suiuniit 


( 


Fldina and rarriagiun, betu*r 
gradca of Knox, Shelby and 

iVtiia 


\ 


, frawford. Uec«tur, Kldon, 

Memphis, 

Oswego, I'utnam 
Hale*. Baxter, (’herokw, Lind- 
h-y, Tilsit, I'nion, Oerald 


daiiuy forest or rough past 
because of low fertility, ro 

®m«iun atone root 
condiiioo 



.\she. Bor>ne, ('larkville, Hance 
ville, Marion, Is>haiion 




**•■“«* it». Mm. Cm,. *74. 


«U .JT,, j„ _ 

» fMTiM in oUmt Mnu.. a Miiular Inble «tII be nee<ie<i 
... lT ?fJ f*""' *" “ill al.le 

« P-tun. If th, p|.n of pMuring ,m.ll nmin in 
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the spring and again in the fall, together with lespedeza thru the 
dormant period for blue grass, then the carrying capacity of the 
permanent pasbirc may be increased 50 per cent. It is usually 
ad\dsable to use the pasture completely becaiise it is difficult 
to sell it off the farm in any other way. 


Table 2.—.\crek of Pasture and C'rops on Different Cla.sses of Land 

Required to Support One Animal* 


Class 1 


Class 2 


Class 3 


Kind of animals 


Dairy cows, full ration 

Family cows. 

Dairy heifers, second 

year. 

Dairy heifers, first 

year. 

Beef cow and fed calf 

sold ill fall. 

Beef yearling, full fed, 
dry lot, no silage. 

140 days. 

Ewe with lamb, sold 

early. 

Lambs, Western fed, 

dry lot. 

Sow, including 13 
pigs, sold at 200 lb 

Hen. 

Work horse. 

Colt, first year. 

Cult, second year 


1.6 

1.89 


1.32 


0.60 


1.90 


Culti¬ 

vated 


0.32 


0.86 

1.20 

1.60 


2.26 

1.91 


1.53 


0.95 


1.91 


1.75 

2.20 


1.52 


0.70 


2.22 


Culti¬ 

vated 


Pas- Culti- 
ture vated 


3.25 

2.76 


2.25 4.50 
2.84 3.83 


Class 4 


Class 5 


Culti- Pas- 
vated ture 


Culti¬ 

vated 


3.00 

3.80 


6.00 

5.20 


2.20 1.95 3.06 2.62 4.07 


1.36 0.90 1.89 1.20 2.50 


2.76 2.88 3.81 3.81 


1.04 


0.20 


0.37 


5.40 
0 026 
2.05 
1.64 
2.10 


0.37 


1.50 


2.06 


» • • 


0.28 0.47 0.41 0.63 


5.1 


4.00| 
5.10 

3.46 

1.601 

5.1 


» e • 


1.00 

1 

1.75 


0.53 


7.80 
0.038' 
2.95 
2.35 
3.00 


0.74 


10.8 
0.0631 
4.10 
3.28 
4.20 


2.76 


0.54 


1.00 


0.841 


2.27 
3 201 

4 .O 0 I 


* Replanning Missouri Farms, Mo. Ext. Cirt. 375. 


I'o begin with, it is necessary to budget a certain amount of 
pasture and crop land to the more or less fixed enterprises es.sen- 
tial to the operation of the farm. Work stock, a poultry or hog 
enterprise kept to supply family needs, etc., are examples. 
'I'he remainder of the land can then be allotted to the selected 
enterprises in the order of their importance to the bu.siness. 


Example: The following is an example showing use of tables in deter¬ 
mining the livestock-carrying capacity of a farm. Size 160 acres, 
soil of high profluctivity, 26 acres in permanent pasture, 4 acres in the 
farmstead, 6 acres in roadways and 124 acres in cultivation. This culti¬ 
vated land is divided into four fields, one of which is in pasture following 
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meadow each year. There is a good market for whole milk and the 
dairy is to be the main enterprise. Twenty-five hens will be kept to 

supply the family needs. Four head of work stock is used on the farm, 
kix calves are kept each year to maintain the herd. 

After taking out the acres of pasture and crop land needed for the. 
work stock and the hens the remaining acres are available for the dairv 
enterprise. One dairy cow plus her complement of young stock requires 
.88 acres of Pasture and 2.75 acres of crop land. By di%dding the 
pasture available by 1.88 we find that it will carry 28 dairy cows with 

for^he^ yearlings and 78 acres of crop land w ill \ye needed 

as Mbw would be subdivided and utilized 



Livestock Pasture, Cropland, 

' aeres acres 


4 head work horses 

25 hens.. 

! 4 

i 0 

•iO 

8 

28 dairy cows, . 

1 

6 yearliiiKH. 

! o 


6 calves.. 

o 

1 


Surplus. . 

4 

0 

6 

5 

--- 

58 

92 


SELECTION OF BUILDINGS NEEDED 
To house properly any animal enterprise a certain a . , 

project, may be Imred 
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Table 3.—Building-space Requirements for Different Animals 


Kind of animal 


Num¬ 
ber of 
stalls 

Pen 

space, 

square 

feet 

Hay ; 

stored, 

tons 

.oj 

65 

1.2 

1 or 

40 

1.3 

1 or 

40-60 

1.0 

■ 1 * * 

28-42 1 

0.36 

• I • * 

15-20 

0.15 

• 1 * * 

15 

0.10 


50 


• 1 * * 

20 


• 1 * * 

3 or 4* 


• * * 

1 


1.8 

• 

■ * * 

36 

1.0 

» • • 

60 

1.3 


els 


Small 

grain, 

bush¬ 

els 


Silage, 

tons 


20 or 24 
10 or 12 
10 or 12 

1 

33 or 38 


0.5 


Dairj- cow, full-grain 

ration. 

Dairy heifers. 

Beef cow. 

Beef yearling, full fed, 
dry lot no silage.... 

Ewe with lamb, sold 

early. 

Lambs, Western, fed 

dry lot. 

Brood sow. 

Pig to 200 lb. 

Hen. 

Work horse. 

Colt, first year. 

Colt, second year 

♦ Three for small and four for large breeds. 

In most cases the farmer will not have special designs made for 
his buildings but will select sizes of buildings to suit his needs 
from standard plans available or by adapting plans with which 

he is familiar. . i 

For the livestock selected in the illustrative example the 

building-space needs would be as follows: 


Kind ^>f animals 

Number 
of stalls 

or 

Floor 

space 

needed, 

square 

feet 

Hay 

space, 

tons 

C*orn, 

busliels 

Small 

grain, 

bushels 

4 work horses. . . 

25 hens. 

28 dairy cows. . . 

6 heifers. 

6 calves. 

4 

• • 

28 oi 
6 oi 

75 or 100 
' 1,820 
r 240 

7.2 

1 • « • • 

34.0 

7.8 

34 

12 

560 t 

60 t 

59 

0 

>r 672 
)r 72 


Silage, 

ions 
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F ITT ISO HI ! LIU.\GS Tit THE F.KRM 


ItriLuix.,^ SKir.Trii to Mkkt tiik Ahovk Spa. k lUxji irkmknts 


.VniiiixK 

MnilHiiiK 

1 

4 bernd uf work stork 

A combination burw* barn and 

j niachinery-storage f>uilding 28 

; by 60 ft. 

2<*> Krru 

10 by 12 ft. brooiler house con- 

28 dairy rowa 

1 verted into a laying house 
^ by 114 ft. dairv' barn 

6 f*iv( * aiui 6 firifers 

.[ 14 by 16 ft. milkhouse 


(Vmti'nt 

<‘U. ft. 

24,4(X) 


82,0(X) 
2,250 



Quectiont and Problema 

uJL caparity and buildinK-spaoe ni^eda of fhr 

irvr^,"^! *”'-"iv™ w It 

'1 ^ P««J»ry fk>, k of 3<K) hPn« n.akp. u„ h 

n.^r «ni4*r^i^ power u u«.>l for fannuiK. ' 

6. find the buddinn for a farm of 281) arre*. with Ihitimm «r,il »n,l 

,2 far„i.stead an.l in waste 

• heat piiia followinR rotation: corn, soybeans, 

r *'“1 

pwlinrm^upibe«*UTi>rw~ K*Une.a.*k . hoRg, and 

of the crop. OO tha farm and hat .K, 


Reference 

halanrtnx of Farm Stnirturm with Fa 

. 22, No. y, p. 311, September, liMl. 


Fri^. J., 








CHAPTER III 

ESTIMATING THE COST OF NEW BUILDINGS 

Four (lilTorent methods of estimatinii the cost of new buildings 
are la'ing used and will l»o jireseiited here. 

8 Labor-plus-material-cost Method.— C’ontractors, in making 

V,ids on new construction, have found it neces-saiw' to compile 
accurate data on costs, and some ver>' useful systems have been 
developed. These men have kept records of the man-hours 
required for doing certain jobs until they know rather definitel> 
what the construction costs of the,se standard jobs on any 
building M-ill be. Most new buildings consist of different com¬ 
binations of the more or less standard jobs, and therefore the 
labor cost of erecting a new building can be predicted quite 
accuratelv. The follo^^-ing are given as average labor require¬ 
ments toVomplete certain specified pieces of work 

In an eight-hour dav one man can do any one of the follownng 
jobs- erect 50« ft. b.m. of .studding, joists, rafters, or sheathing; 
erect 400 ft. b.m. of shiplap or drop siding; apply 3.W ft. b.m. ot 
weatherboard or matched flooring; 1,000 ft. b.m. of bam boards; 

lav 1,500 shingles; fit and hang 7 doors or check-rail window.s, 
cover 80 sq. vd. of surface ^^-ith paint; or place lo sacks of cemenL 
If a material li.st for a building is available the carpenter-hours 
can be determined, and if the prevailing wage scale for workmen 
is known, a very close approximation to f 

.an be secui-ed. Cost of materiaLs added to this gives the total 

' ""9. Material-cost-plus-a-percentage-for-erection Method^A 

less ac-curate method, con.^isting of material c^t 

percentage for emetion. is used where time ^^-^ll the 

use of the labor-plus-material-cost method^ In this plan 

material cost is secured and a percentage added for labor ^ 

cent for rough buildings and 40 per cent or 

houses, 33 per cent usually being required for dair> and h 

bams). 
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10. Unit Cost Method.—Unit costs of foundations, walls, 
floors, and other major items have been listed below to aid in 
forming a general idea of the cost of work. These costs are for 
ordinary construction, all materials being purchased at retail 
prices and all labor hired at rates common in farm communities. 
The range in costs is intended to cover ^'ariations in different 
parts of the country. IVhere native materials may be obtained 
at low prices or when much of the work is done by the owner 
or his family, costs may be much less than those shown. 


Table 4.—Unit Costs of Building or Remodeling 

^ Range of 

Item p . 

Excavating—usually done by owner 
Foundations, per linear foot of wall or sill* 

Masonry wall 3 ft. high, with .sill. . . . ' «i o- «o oc 

Masonry wall 5 ft. high, with sill. . , 

Masonry wall 7 ft. high, with sill.. o O' aH 

Masonry piers 2 ft. high, sills 6 bv 8 in . . . . oiZ n it 

Masonry piers 4 ft. high, sills 6 by 8 in . .. . 0 41 n ’ K 

Inter^r floor support, post and girder; per linear foot of 
girder. 

Cellar floor, 4-in. concrete; per' square foot.:.... S' S ’ 20 

Dram for foundation: 4-in. tile, laid, per linear foot. . .'. 2 ^ S S 

\\ aterproofing floor and wall, per square foot.. O^n- 

Kxtenor wallyer .square foot of plain wall surface. For gable 

V P®*" square foot. 0 10- 0 i ' 

Vertical board and batten or horizontal siding with framing■ ° 

outsidepainted, interior net finished. . . / 

\ ertical board and batten or horizontal siding with framing- 
doth Pamted, interior sheathed and papered on cheest’ 

Hnck 3 thick, brick veneer, or brick l.acke.l tvill, 4.i„ 
tilc, maide plastered and decorated 

« S'*' "... 

'“Se°;,r;:d" ‘■...-.o .tncc„ed, 

. Sdua'rlZt . 

■"''."S *‘l'i 2 b,- „ in., o 


isonrv 


0.20- 0.30 
0.20- 0.30 
0.30- 0.40 
0.40— 0.60 
0.20- 0.30 
0.30- 0.50 

0 08 - 0 , 15 


t 


0.10- 0.15 
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Table 4—Unit Costs of Building or Remodeling.— (ContmKeiO^ 

Item 

Lath and plaster, papered; joist. 2 by 6 in 16 in. on centers ^ “ 

Lath and plaster, papered (under second-floor joists) - ; • • 

Insulating board or wallboard, not painted; joists 2 by 6 m., ^ ^ 

16 in. on centers. 0.05-0.08 

2-in. fill. 

Fill insulation over ceilings ^ ^ 

4-in. fill. 

’’tS KTntt'rs both sides, stained; ni.hou, stud. 0 . 08 - 0.12 
Sheathed, both sides papered on cheesecloth; studs 2 bj 4 i ., ^ o. 30 

2 ft. on centers.‘ j o'u ’ V;.. ifi in 

Lath and plaster, both sides papered; stu s y •, • ^ 25- 0.35 

■ WaLL^U stained,’with ^ 0 25 

not finished; studs 2 by 4 in., 16 in. on centers. 

’'"odHo^.X 10 in., 16 in. on centers, with b^ „.l,^ 0.25 
Sotwood; joists 2 by 10 in., 16 in. on centers, tvith subfloo ^ ^ ^ 

.,:rl»dfiorsts 2 by 10 in.: 16 in. on Venters, «iti;.^ „ 3 ^ „ 

Corcreuit:^ thich; on' 6 II; troweled sVrtaee... . » 12^ 0 20 

Concrete; precast joists 3 by 8 ur., 20 m. floor slab ... ■ 

Roofs, per square foot; „ u r ifi in on centers 0.15-0.22 

Wood shingle, on slats; rafter. 2 by 6 rn 16 ^ on 

Asphalt shingle, on sheathing; rafters 2 by •, 0.15-0.22 

lirroolg; 2 in. lap, on sheathing, ratters 2 by 'o i„V 16 in- ^ ^ 

A.°beros“Mngle, hexagonal or 'Dutch pattern: ratters 2 by ^ ^ 

SlTlo or Mhesto Sle‘. American patterns, on shealhing; ^ ^ 

S."l'^^i:;^e^vV‘lt:r.rering;ra^^ 

..:::; r:«rrattem2 by Oir. lo^on^n^^^ 0.20- 0.30 

Built-up covering, on sheatiling, rafte . t. 0.15-0.30 

Hips and valleys, galviiniz<*tl-iron flashing, per lini ivr foot of ^ ^ 

hip or valley.. , i • ,. . 0.75- 1.25 

Same, with copper, zinc, or lead fla.shiiig. . 0.25-0.50 

Same, flashed with roll roofing. . ^. 0.4tV 0.80 

U"o, cornice, Hh gu^t4 . » 

I'orch conucc aud giraer wivxi 
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I ABLE 1.—Unit ('ujsts of F^uilding or Hemouemng.— { Conthiucd ) 

Flange of 
('ost 

\N indows, average size; with frames and trim eompleti* in jilace, 

5 *^ 1 '. $8.00-16.00 

Windows, cellar or attic. 3 qq. 5 qq 

Window screens, average size, each. 1 .50— 3 OO 

Doors, inside, average size, with frames and trim, complete 

in place, each. 8 . 00 - 12.00 

Doors, outside, average size; with frames and trim, complete 

in place each. 12.00-25.00 

Screen doors, average size, each. 2.00- 6 00 

Stairs, finished, per tread. 2 50- 5 00 

Stairs, cellar, per tread. 0 j qq 

Kitchen cupboards, length of 8 ft., room height, with doors 

and drawers; complete in place, each. 50.00-75 00 

Kitchen cupboards, open shelf, each. Ig 00-25 00 

( himneys; with flue linings, per foot of height. 2 25— 3 00 

Kxtra flue, per foot of height. 0 75 - 1 00 

lireplace only, not including base or chimney. 30 00-75 00 

Fireplace base, southern conditions, no cellar . 5 00-15 00 

Fireplace base in cellar.'; ; • ’ ' 20:00-35.00 

To use the foregoing tabulation, first find the total amount 
required of each listed item, then multiply each amount by the 
corresponding unit cost, and finally add the products. 

Example: \ buihling addition 20 ft. square with piers and sills under 
three outside walls and one line of piers and sill through the center 
would have 4 by 20 or 80 linear ft. of foundation. This length of foun- 
dation havnng piers 2 ft. high and sills 6 by 8 in. should cost between 
IW 3o by ^ equals $28 and $0.55 by 80 equals $44, if all material and 

labor are relat.vel.v cheap, and the higher figurea wherr^teSh 
nd labor are relatively expensive. Miscellaneous expenses will add 

perhaps 10 per cent to the total of the listed items. 

11. Cubing Method.- 


.set of evistJntr K secimng the replacement cost of a 

r sir 
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list becotnes long and the selection of Uie proper values very 
difficult. To make possible the determination of a per-cubic-foot 
cost, that takes all these variations into account, a new method 
is here ])resented. A number of plans having accurate material 
lists were used in securing the information needed. The board 
feet of construction lumber, board feet of finish lumber, squares 
of roofing, cubic yards of aggregate, hours of carpenter labor, 
and the value of hardware, equipment, paint, and cement were 
obtained for each building. Each of these was divided by the 
cubic feet of space enclosed in the building. This pve the board 
feet of construction lumber, of finish lumber, fraction of a square 
of roofing, fraction of a yard of aggregate, hours of carpenter 
labor and the value of hardware, equipment, paint, and cement 
per cubic foot of space in the building. By multiplying the 
board feet of dimension lumber needed per cubic foot by the 
price of dimension lumber in the locality, the board feet of finish 

Table 5.— Cla.ssification of Buildings 

A. Two-story general-purpose barns, 55,000 eu. ft. (•apacit>, concrete fouii 

dations, concrete floor in stalls, alleys, and bins 

B. Hay and feeding barn, 64,000 cu. ft. capacity, post frame, concrete-p.lh 

foundation, practically no steel equipment t a 

C. Hay and feeding barn, 25,000 cu. ft. capacity, pole frame, no foundation. 

Pole-frame machine sheds , 

I). Two-story dairy barn, 58,000 cu. ft. capacity, concrete floor, stee 

stanchions, drop siding, balloon framing moOOcu ft 

F Sheen sheds machine sheds, and open sheds for cattle, 10,000 cu. t . 
c“p.*Uy concrete foundation, .in.le-watl .id.ng, concrete floor, ,n 

f Miroln'tyXntltry honae, 30 by 30 ft. ,0.000 cn, ft. capacity. co„. 

Crete foundation, thin-section concrete floor 
a. Double corn crib, 2,000 bn., 11,000 cn. ft. c.pac.ty, concrete floor, 

,, ,lraZv“2 TO bn-. 3,000 cu. ft. capacity, concrete foundation atnl floor 

'/ raron; car, 2,2» .-u^- 

J. Milkhouse, two room, 1,500 cu. tt. lapaiii.i, 

Hoor 

* For barns in classes X. B. C, and D. adjust cost ""J= WrZe cl"at 
,,ent increase in the cubical contents, decrease the unit cost by 2 per 

a similar rate for smaller sites. follow-s- For every 10 per cent 

For buildings in classes B to J adjiut c»t every 10 per 

increase in the cubical contents, decrease ® ^ If » barn is m 

cent decrease in the , ,, without foundation), use the constants for 

rrr:rt'lp7r::r:;s. of construction, am. om., the constant 

in claw! A for nand and gravel. 
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lunibor per cubic foot, the squares of roofing, the yards of gravel, 
and the hours of carpenter labor by the local price for each, and 
then adding all these products to the fixed cost of hardware, 
equipment, i)aint. and cement, the correct cost jiei' cubic foot of 
the building for the locality is deri^'ed. d'able 5 gi\'es description 
of and cla.ssification for different kinds of buildings, and Table 6 
gives the board feet, the squares of roofing, hours of labor, etc., 
I)er cubic foot for the different classes of buildings. 

I .VBI.K fi. ('o.NSTANTS TO Bk .\tULTIPLIED BY PkK ES TO DETERMINE CoST 

HKR CrBic Foot 


ings 


Con¬ 
struc¬ 
tion 
lumber, 
board 
feet per 
cubic 
foot 


Finish 
lumber, 
board 
feet per 
cubic 
foot 


Roofing 

squares 

per 

cubic 

foot 


Sand 

and 

gravel, 

cubic 

yards 

per 

cubic 

foot 


Labor 

hours 

per 

cubic 

foot 


0 4100 
0.3900 
0.3900 
0.4900 
0.4500 
0.4400 
0.5500 
0.9000 
0.4600 
0.6100 


0.0630 
0.0340 
0.0640 
0.0480 
0.0260 
0.1.500 
0.0160 
0.3800 
0.7200 
1.0300 


0.00079 

0.00076 

0.00087 

0.00066 

0.0012 

0.0012 

0.00098 

0.0015 

0.0017 

0.0019 


0.0017 

0.00082 

0.0016 
0.0013 
0.0024 
0.0033 
0.0048 
0.0038 
0.0110 


0.0190 

0.0150 

0.0260 

0.0210 

0.0210 

0.0260 

0.0260 

0.0500 

0.0520 

0.0600 


Miscel¬ 
laneous 
paint, 
cement, 
hard¬ 
ware, 
equip¬ 
ment, 
[cents per 
cubic 
foot 


0.0055 
0.0027 
0.0001 
0 0058 
0 0040 
0.0078 
0 0111 
0.0158 
0 0127 
0.0422 


Poles 
for pole- 
frame 
build¬ 
ings per 
cubic 
foot 


00071 


•roup,. Co.»,ructi“ iTtnw'r'^I?««> represent each of the 

1« ft. of the ,nMie used in the building; finish Wb^r 1 v Ma 2 by 4 in.— 
12 ft., tur/ac^ four nde4; roo6ng by the in-ice d«- ^ l>oard foot of a 1 by 8 

„nd and gravel by the average prij^ or^ndZndT" . '^'rd of roofing 

by the average kouHy V-d; labor 

™ufb 'f7.re :oirx - v^at 

for the illuerrafive problem i„ Ch^p. “ ,„Uo“^' 
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This building will probably be best suited to class C in Table 5 and 
Table 6 shows the constants to use in the computation. Using the 
following price.s we can compute the cost per cubic foot for erecting the 
building. Dimensioiis lumber 6 cts. jer foot hoard mejisure. Finish 
lumber 7^^ cts. per foot board measure, roofing $6.50 per square, cost 
of poles $7.50 each and labor (average for crew) 75 cts. per hour. 


Item of Cost 

Construction lumber.... 

Finish lumber. 

Roofing. 

Poles for frame. 

Labor. 

Miscellaneous. 

Total cost per cubic foot 


cost per cubic foot 

Constant X cost per unit = in the building 


0.390 

X 

$0.06 


so.023 

0.064 

X 

0.075 

s 

0.005 

0.00087 

X 

6.50 

— 

0.006 

0.00071 

X 

7.50 


0.005 

0.026 

X 

0.75 

SS 

0.020 




S 

0.0001 





$0.0591 


The building is smaller than the one used in the formula and the unit 
cost must be ipereased 2 per cent for each 10 per cent of additional 

capacity. 

(25 200 - 24,400) -J- 2,520 (10% of the Model building) = 0.31 of the 
’ 10% unit. 


0.31 X 2% = 0.62 of 1% = the increase required. 
$0,068 X 1.0062 = $0.0684 = the cost per cubic foot. 
24,400 cu. ft. X $0.0684 = $1,668.96 = the cost of the building. 


THE ANNUAL COST TO OWN THE BUILDING 


Many times the farmer needs to know what it will cost to 
own the building each year. The items in this cost would be 

as follows: 

Per Cent 


Depreciation (ave. for N.W.Mo.) 

Interest on (H new cost) @ 5%. 

Maintenance and repair. 

Insurance. 

Taxes. 

Cost to own as a per cent of new cost 


2.0 

2.5 

1.5 
0.5 

ii2 

7.5 


* 1,608.90 X .075 = $125.18 per year. 


Questions and Problems 

7. Estimate the cost of the poultry house selected for the problem us«d as 

an illustration in Chap. II. . . . ui • 

8 . Estimate the cost of the dairy barn used in the illustrative problem in 

Chap 11. 

9. What would he the first and the annual cost per hen and per cow m 
problems 7 and 8? 
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) 


been adapted to depreciation of farm buildings and is shown in 
Fig. 1 as a curve plotted between percentage of new cost and 

percentage of useful life. , , .-r c , \ ..ud 

When it is known what percentage of the useful life o ’ ‘ 

i„g has been used, the oune in Fig. 1 shoKS the pereentage of the 
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rer ueni -- 

.... ..-Curves for determining depreciated value of farm bmldings- 

new coat still remaining in the building so far as structural value 
is concerned. 

The replacement^ 10 yei^. and 

rfu;*eltrbirhfe is : 

“rve, 88H per cent, or *183.06 and *200.01, respect.vely. 

The present mechanical value of the buildings nili the 

:r„t'ip”r r p^sem 

the farm it is necessar>^ to find the livestock carrying capaiit> 
and the building space required by this hvestoc . 









































































27 


appraisal of EXISTIXG liUlLDIXGS 

By rompannK this floor, hay, crib, and bin space needed to the 
storage and housing space in the building being appraised the 
percentage usefulness of the building can be derived. 

To determine the percentage usefulne.ss of the structure it is 
neces.sar>' to weigh the different parts of the barn accordiiig to 
the.r resp«.t,ve values. Snee ti.e stall space has more value 
than hay and grain spaces, it will bo necessary to give more 
credit to It than would lie given on a cubic-foot biis. The 
folloning weights have l»en selected for the different parts of the 
barn when percentage u-sefulness is being figured: stall or pen 
■space, , 1 , hay space, 3; and grain storage space, I This oer 
centage usefulnei., times the stn.ctural value previously ob Wn^d 
phis or minus the profit or loss resulting from changing the 

the b Jding.'"'*' the appraised value of 

If a building were too large, it might be possible that the lumber 

costsTf marg‘'re “chlt'^ullf '7“'" ‘he 

nrahing the change is'g^atr IZ'IL 17^f' etaTaTcHii" 

“kTfa™ ■'t;;;:: JX a7;‘rred 

the st^ctiiral value and triiTb^ 

Ajwmpfe; The correct land use on a farm calls for 12 l • 

4 horses, 2 brood sows, and 500 hens 7 ^ ^ 

farm has a structural value of $630 ’ It h barn on the 

ton. of hay, 2 ooTu of com ® 

The 12 coaa need l7 X. ,X ,1" “ concerned. 

barn would be lo dirided b, i or «' ' ' P' ' The 

storage i.. conoerneil. .Since t7 need for ““ “ hay 

of the crib, the barn would lie lOO oe more than the capacity 

concerned. “ P*" "''“I «« f«r a. crib space is 


To find the weighte,! average usefulnem, we have 


Stalls, 100 {)er cent X 5 = .500 

““J-. W X 3 - 129 

Corn, 100 XI- loo 

9 = 729 

729 9 = 81 per cent 


present 


the farm 
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if no chiinKCs were needed. By Bubtracting the $150 that must lie 
si)ent in making changes, we have ?:500.;10, the actual value of the build- 

to the farm. 

Questions and Problems 

10. The dairy barn shown below is 22 years old and is located on an 
80-acre farm in an area having Grundy-type soil on the 49 acres of cropland 
and Bindley soil on the 26 acres of pasture. There are 5 acres in the fann- 
stead. Dairying is the principal enterprise. One work team and 50 hens 

make up the other enterprises requiring land. 

Following is a floor plan and sectional view of the bam; 



Scale in Fee+ 


The summarized bill of material for building the bam is as follows: 


16,518 ft. b.m. studding, joists, rafters, and sheathing 
10,161 ft. b.m. shiplap and drop siding 

41,400 shingles 
8 doors 
22 windows 

450 sq. yd. of surface to paint 

390 sacks of cement in foundation and floors 


The cost of 2 in. X 4 in. - 16 ft. No. 1 Y.P. is 4H cts. per board foot; of 
1 in X 8 in - 12 ft. No. 1 Y.P. finished. 5 cts. per board foot; of 1 yd. ot 

aggmgate, $1.50; of carpenter labor, 60 cts. per hour; and ^ 

$?50 per square. The cubic feet in the buidmg total 57,600. The cost of 

the materials needed to build the bam is $1,848.60. 

a. Determine the replacement enst of the bam by the labor-plus-matenal- 

cost method. , 

b. By the material-cost-plus-a-percentage-for-erection method. 

11 ^DejLutrthr'repWment coat lound by cubtng, using the equal- 

profita-ratio curve to tod the present structural v.lue^ 

12. Find the livestock-carrying capacity for the farm, the pe S 

ftf the oresent building, and its value to the farm. 


































CHAPTER V 

THE OPTIMUM INVESTMENT FOR BUILDINGS 

The buildings necessary to house any enterprise must be 
paid for out of the income from that enterprise if desirable 

to be maintained. It is sometimes 
ditticult to measure this income because some of the benefits are 

in intangible form that do not show directly in the cash ledger. 

. lany times an investment is considered to be desirable when it 

mil make work more enjoyable or when it will decrease the time 

and physica energy required to carry out the daily routine. 

fficient buildings and yards often make the work of handling 

livestock more satisfactory and less hazardous. They may save 

^e and enable the farmer to enjoy some recreation or to give 

ore thought to planning and management. They may be the 

this makes farming a more desirable occupation. Caring for 

TA “"---'ainty and worry. If he ha., good buMn^ 

hat h., hvestock will not be likely to require hi, aZtion Ind 

aiZ a • ■'"'-“‘ad to 2ke a 

z taTaCbi: hirz a^ 

consideration. sometimes worthy of 

app^irtte^tldlt^^^ ™ade the 

contribution of building, to the farming bu^nTaZH f'utZ 

a, mechaniearvare ,hen thVr^rS^ : 11 ^ 71 ^ 7 ^ 

atock housed, a“d “ate brhredT‘'1 '7 

contribution that is possible fmm K m- ^ knowledge of the 

able en\dronment at all times. furnish a desir- 
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12. Farms are equipped buildings ^\■ith one of three stantl- 
ards in mind— minimum, optimum, or luxury standards. Mini¬ 
mum standards provide bare necessities. Optimum standards 
provnde for efficiency, for the maintenance of accepted environ¬ 
ment for different animals and fowl. IndiWdualistic or luxury 
standards may be as good as or better than the other standards. 
They usually represent some special idea of the individual from 
which he secures sufficient satisfaction to warrant the extra 
investment. Any such investment should be made by the 
farmer with a full understanding that he or his estate will likely 
be required to pay the bill. When the farm is sold eventually 
the buyer in most cases will not be ivilling to pay for anything 

above the optimum standard. 


METHODS OF APPROACH TO THE PROBLEM OF INVESTMENT IN 

BUILDING EQUIPMENT 

13, Studies covering a considerable period of time have been 
made by the Agricultural Economics Department of the Min¬ 
nesota State College on this subject. The plan followed in these 
studies wius to set aside all the items of cost of operating an 
enterprise except labor and shelter. Then by assuming a rate 
for labor the residual for buildings was obtained. The data are 
for one cow and the young stock that go along with her; that is 
the cost and returns for the entire dair>' herd have been divide, 
by the numlier of cows. Costs listed represent cash outlay and 
farm products at their marketable value. Returns include cash 
sales plus products used in the home and by other enterprises 
at their marketable value. Data from this study are given in 

Tables 7 and 8. 

This study covers a period when prices weiv low to average, 
and therefore the results secured can be depended upon i^s being 
conwrvative. The, study i>oints .lut the fact that good housing 
is wasted on low-i.roducing animals or. st ating it m anotlu i 
way. low-producing cows will not pay for their feed, care, and 

Hhelt(‘r. , , r 

Wh.n the labor rate liju* Ix'eii deciiled uiioii the amoun t 

.ivun«I.U' for or .'ort of »l..-ltor for It..- yoar .-ao 

of,lain.,,1^ Tin- aiu.ual roof .a,. Iho.i la' lrao»late.i 
lanl.li>.K inv,'al.n..nl if will aupporl. SuoonarH'a of l.uil.I.lW- 
.. 0.1 .t„,li,'. a,Hi faro, ra.-onl. .Low tla- following ,o la' r,'a.ooal>l, 
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fABLE 7 Averaoe AN.VrAL CoSTi 


OSTS AND RETrRNB FOB DaIRY C'atTEF, 

1932-1943 


(Per Cow Basis) 



Items 


.411 

herds 


High- 

producing 

herds 


1 ounds hutterfat per cow 

^Man-hours per cow. 

Costa: 

Feed. 

Horse work. 

Equipment. 

Interest on cattle. 

V'eterinary, testing, etc. 

Total. 

Manure credit. 

Net. 

\alue produced: 

Dairy products. 

.Vnimals. 

Total. 

Hesidual to labor and shelter. 

Residual to shelter with labor at 20 cts. 
per hour. . . 

at 25 cts. per hour. 

at 30 cts. per hour 


232 

157 

*64.64 

0.66 

4.58 

4.47 

2.21 


*76.56 
5.95 


299 

191 

*76.41 

0.72 

6.48 

5.38 

3.99 


Low- 

producing 

herds 


*70.61 

86.30 

36.24 


*92.98 
6.90 


175 

140 

#55.16 
0.63 
3.31 
4.26 
1.33 

*64.69 
5.15 


*86.08 S59.54 


115.94 

40.82 


63.54 

31.29 


*122.54 _^56.76 *94.83 


*51.93 * 70.68 *35.29 


20.53 

12.68 

4.83 


32.48 

22.93 

13.38 


7.29 

0.29 

0.00 


Ccta *„d return, for entire dairy herd divided by the number of cow, 
lABLE 8.—Pos.SIBLE I.WE.ST.WEXTS ITtf U 



High- 


Low- 


producing j producing 
herds herds 


_ Investment per cow 

NVith labor - 

25 Cts.. . . *257 

30 cts.. ^53 

. : _ 

Investment for 15-cow herd 

2,370 


#406 

287 

167 


#91 
4 
0 


"1th labor at 20 cts. 

25 Cts 
30 cts 


900 


16,090 
4,305 
2,505 
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estimates of annual dairy building costs in Minnesota, expressed 
as a percentage of the original cost. 


IVr (Vnt 
2.5 
1.2 


Depreciation. 

Maintenance and repairs.* / ’ * / 1,* ’ V -i j- ’ \ or, 

Interest (5% on the average value for the life of the building)- ■ 

. . U. o 

Insurance. ^ ^ 

Taxes. — 

Per cent of first cost to own dairy buildings. »•" 

By dividing the annual rent available by the per cent of the 
total cost to own the building one year the investment that such 

rent would justify is obtained. 

Table 9.-Average Annual Costs and Returns for Laying Flock, 

1935-1943 
(Per Hen Basis) 


All 

flocks 


High- 

producing 

flocks 


Low- 

producing 

flocks 


Eggs per hen. 

Man-hours per hen. 

Costs: 

Feed. 

Equipment. 

Interest. 

Miscellaneous. 

Total. 

Manure credit. 

Net. 

Value produced; 

Eggs. * . 

Poultry. 

Total. 

liesidual to labor and shelter. 

Residual to shelter with labor at 20 cts 

per hour. 

25 cts. per hour. 

30 cts. per hour. 

40 cts. per hour. 


$1.85 

0.17 

0.04 

0.13 


$1.90 

0.17 

0.04 

0.13 


$ 1.88 

0.20 

0.04 

0.16 


$2.19 

0.09 


$2.24 

0.10 


$2.28 

0.09 


$ 2.10 

2.47 

0.66 


$2.14 


$3.13 


$3.85 


$1.03 

$0.47 
0.33 
0.19 
0 00 


$1.71 

$1.17 

1.03 

0.90 

0.63 


$ 2.21 

1.82 

0.58 

$2.40 

$0.19 

$ 0.00 
0 00 
0.00 
0.00 


The same type of analysis applied to poultry buildings is shown 
in Table 10. 
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Table 10.—Possible Investment in Poultry Shelter with Different 
Levels of Production and Different Rates of Return to Labor 



All 

High- 

Low- 


flocks 

producing 

producing 

----- 


flocks 

flocks 


Investment per hen 


\\ ith labor at 20 cts. per hour 

25 cts. per hour. 

30 cts. per hour 
40 cts. per hour 


$5.23 

$13.00 

3.67 

11.45 

2.11 

10.00 

0.00 

8.76 


$ 0.00 

0.00 

0.00 

0.00 


folbwsf^^ capitalized at 9% with annual charges as 

Depreciation.. . . 


Maintenance and repairs. 

Interest at 5% on average valuation 
Insurance. 

Taxes. 

Total. 


• • 


3.0 

1.5 

2.5 
0.5 

1.5 

^0 


u. A different approach to the problem of determining the 
optimum investment in buildings is presented by D. H Doane 

H s plan IS based on the idea that the amount that can be sint 

t and """ return C 

It and, of course, upon the response of the proieerT^ 
ermine le percentage of income that could logicallv he 

rttmers fa”®' '■'■“‘“"naire to a number 

higher than have^b:^ irndTrotheTstudS“vT 

ente^rise is higher than a"erage'ilt “r be'°T-“ 
of his average figure in used instead 

that could be made for the paXl.. llrpl”! 

income, tunes the per cent allow «Kio r i P . ^he annual 

per cent the annual is of the first co7t tfio 

enterprises. “ flitferent farm 
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Table 11.— Building Investment per Unit of Livestock 


Kind of livestock 

( 

1 

• 

Average 
annual 
income per 
unit 

1 

1 

Percentage 
of annual 
income that 
can be spent 
for buildings 

1 

Annual build¬ 
ing cost as 
percentage 
of first cost 

Allowable 
investment 
in buildings 

Dairy cow. 

Grade beef cow. 

Brood sow. 

Ewe. 

Hen. 

109.43 

24.32 

1 45.00 

7.20 
2.00 

1 

10.7 

8.7 

6.7 

7.7 
: 9.0 

8.7 

! 8.0 

9.0 

8.0 

9.7 

134.57 

26.44 

33.50 

6.93 

1.85 



THE FARMERS’ ANSWER 

16. In the conduct of his business the farmer has been forced 
to answer this question of how much he should invest. No 
doubt, his answer has been influenced as much by availability 
of cash or credit as by his best judgment. The amount he has 
invested represents, in most cases, the minimum requirement. 
Farmers in Northwest Missouri have invested as shown in 

Table 12. 


Table 12.—Im'ESTMENi in Service Buildings per Animai 


■ ^ •• • ^ — 

1 

Kind of livestock 

1 

Average for | 
all farms j 

Range, all farms 

Annual building 
cost per animal 

W^rtrk flt/^ck . 

$95.00 

$14.47 to $291.65 

*7.16 

T^airv cnws . 

108.13 

11.08 to 315.96 

8.14 

Stock cattle. 

Hmnrl sows 

39.90 
! 24.47 

3.54 to 158.75 
1.00 to 96.80 

3.01 

1.84 

Stock hogs 

Pniiltrv . 

j 7.25 

1 1 .68 

0.35 to 26.80 
0.28 to 5.73 

O.o5 

0.13 

0.81 

Sheep. 

j 10.87 

1 0.54 to 31.38 

J___ 


ANNUAL COST OF BUILDINGS 

16. In any going concern, annual costs are the iuiportant point 
for consideration. If an enterprise is untned or defini e y 
temporary in nature then the total inve.stment must be guaided 
very carefully. Many times the first cost of a barn v hich is 
almost as essential to the operation of the farm as the land itself. 
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is overemphasized. In ease of such an investment, the annual 
cost is of greater importance than first cost. 

In the study of northwest Missouri farms, all costs for ofier- 
atmg the farm were groui)ed as follows: 

Table 13.- 


Itkms in Farm Operating Cost on 200 N 

P\arms 


ORTHWKST Missouri 



It pm 


Annual cost 

Per cent of 


total 

$3166.00 

73.7 

223.00 

5.2 

.583.00 

13.5 

60.00 

1.4 

245.00 

5.7 

17.00 

0.5 

4294.00 

100.00 


Feed fed. 

♦ ♦ 

Interest on animals. 

Ijabor. 

Fences.... 

Service buildings. 

Insurance and veterinarian fees 
Farm operating cost, average. 

Buildings are one of the smaller items of cost on these farms 

IsThe"' the $245 cost 

greater imTortance. - ^tem of 

Questions and Problems 

il",h?„:‘ "“‘"‘i”*' '>™* • «u™ „„ the i„ve.,- 

Why?"''*' usually intereala the absentee owner? 

15. Account for the fact that we have three standard,. 

investment in buddings for E^acc°orSLg be a fair 

Data) (c, standard. ,n NorSw,” SI’? *" “‘—I* 

investment in a Poultry^ouTi?be JuSiS 

Reference 













CHAPTER VI 

FIELD AND FARMSTEAD PLANNING 

A growing interest in soil conservation, development of equip¬ 
ment for efficienev in doing farm work, the rerouting of highways, 
and an increasing appreciation of the country a place to live 
are responsible, in part, for the widespread interest in farm and 
farmstead planning. Many men in the U.S. Soil Conservation 
Service and in extension work are devoting consideiable time to 
schools and conferences vAth farmers on this problem, ^o 
attempt will be made to discuss farm layout here except as it h^s 
an influence on the location and grouping of the buildings on the 
farmstead. An unfortunate location of the present building 
group is one of many conditions that makes the replanning of 

farms and farmsteads difficult. , m 4 . a 

17. Factors to Be Considered in Locating the 
When the building group is poorly located, it is very difficult to 

plan the farm for proper management of ® ' 

eienev in doing the farm work, or for accessibility to market, 

school etc. Most of the building groups were developed accord¬ 
ing to no particular plan or were located and arranged in pione^ 
davs when the conditions and needs were very different from 
those of today. The early settler did not have the 
the time to drill a well or plant a windbreak. His first interest 
was in getting out logs and building a home. Since a supply of 
water was necessary at once, the location for homesdeja^ 
made near a spring or running stream and in a well-protected 

area in the woods. + thU carlv 

Accessibility to the highway was not ‘ L one 

settler, because all roads were of the same 

to do and when he did make a trip to town the kind of vehicle 
and the amount of load was limited as much by the mam road as 

^^ToLTa nrtwork of all-weather roads reaches a large 

age of farms. If the farmstead is located on the highvv . 

36 
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erosion is not an important factor in planning. 
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an all-weather drive can be built from the farmstead to the high¬ 
way, the farmer can make use of this public convenience; but if 
he cannot afford this modern private road and his farmstead is 
not located on the highway, he is deprived of the benefits that 
should come to him. Figure 2 shows the plan of a farm on 
level land on which the farmstead was moved to take ad\ antage 
of a modern highway. The building group wa.s previously 
located at the south end of the farm. The principal business of 
the farm was dair>dng, and it was necessary to make t%vo trips to 
town each day mth milk. School, church, and other community 

activities centered in the towm were also the cause of 

The new location eliminates any travel over a dirt road and 

saves 2 miles of travel each time a trip is made to town. 
A^esMity to AVWs.—This plan (Fig. 2) shows 

tcfmost of the facing operation* are carried out the long tvay 
of the field. These long fields require more rods of fence than 

ZeZnd L few additional rods ^vdll not be a factor of 

rC":t::^,tSre Z when 1 year of pasture 

L inZed tn the crop rotation. This arrangement ts convent- 

ent also for the removal of crops at harvest tim . 

en^ also, lo _mmnaratively few farms are on level land 

/r he SU wdthont though^ 

fo^fficrn; hut for proper 

farming and ^Jrm but that division fences 

IZ: n fiet;^ -,,t he placed aPP-imate.y on t,e c 
Fi^re 3 shows a plan for a farm wh.ch 

r^acTShrirom ^he Lrmstead 

crossing terraces or driving in waterways. ,,,, 


/■W 
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considered in selecting the location for the building gioup. 
Drainage is one of the more important of these considerations. 
Healthful conditions are much more easily maintained about 



yards and buildings where surplus water is not allowed to 
accumulate. A southeast slop(‘ is very desirable, because, in 
addition to good drainage, such a slope makes biAter use of sun¬ 
shine and gives some protection from the northwest \Mnds of 
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winter. If Rood natural drainage is not available, much can be 
done to improve conditions by grading up around individual 
buildings and by use of underground drains or protected surface 
gutters. In any case, building.s should be spouted and the down¬ 
spouts connected to underdrains or inotected surface gutters. 

The outlook or view from different locations is worthv of con- 
.sideration in selecting a building site. Mount Vernon is famous 
because it was George Wa.shington’s‘home, but it would be 
exceptional also because of the wonderful views that are avail¬ 
able up and down the Potomac River. There are few farms in 
the countr}' that will not furnish one or more interesting views. 
It may be the rolling, timbered hills that provide varied color 
combinations from season to sea.son; it may be the distant 
\illage or the highway with all its activity; or it may be a lake or 
stream. Whatever the view is, it is worth considering for the 
interest and enjoyment it will furnish the farm family. 

18. Arranging Buildings on the Farmstead.—In many parts 
of the Old World, farm buildings, including the dwelling, ar(« 
grouped to form three sides of a square. The central court 
enclosed is often paved, and the well is located in the center 
This arrangement is probably carried over from the days of 
feudalism, when it was neee.ssary for the followers of one lord or 
baron to rush all belongings into the court in case of an attack 
Laborers were plentiful, and the premi.ses could be kept clean’ 
although it is doubtful if modern .standards of sanitation were 

maintained. 

Central Service Court.~ln America there is le.ss uniformity in 
arranging buildings, although a few arrangements are common 
to many farmsteads. The central service vard or court although 
not so well defined and standardized as it is in European coun- 
tnes, IS still the center or basis from which the work of the farm is 
earned on and from which the various buildings are located 
The central service yard need not be of any particular shane nr 
size, but It .should be wide enough so that trucks or loaded wagons 

around th^ b ^^^ili<^ating the work that must be done 

around the building group. It should be possible to reach each 
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Fig. 6.—General farm with north front. 
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court Is not, used fur confining livestock but Is kop. j-n for 
service The farmer can hitch his teams here and dnxe to th. 
fields without openinR gates or driving through hve^tock ^ns. 

grteTcd or oiled so a,s to be usable at all tones. _ < .ne fa^c 
covered his drives with asphalt-bound macadam. 1 he stone 
leveled with heavy rollers, and after 11 years use is as g^ 

of fhirarea. Figures 3,4,5. and ll show «yPical layouts for farm¬ 
steads facing south, west, north, and east, respectixel>. ^otlce 
he tntral Lvice court in each of the plans, the oonn^t on to 

tarn t hi^en, nil service area. From observa. ion of , hese plans 

it will be seen that the central service court and the buildings 
area. ^ ,o advertise livestock, for the 

pan be used as a sno>v i a u 'TKJa 

Taas raid at the highway with a gate beside it for teams is a 

Water should drain away from the 
Location oj .atL^factorv natural drainage, diversion 

S^for ™ louM be laid out to carr,- n.no. water away 

'Tre“i;"nLer winds must be consideied and the felling 
located so that odors will be earned -ay fn>” h or a^i 

enables the housewife to know when the men hat e come 


» Capper’s Farmer. Februarx*. 1941, p. 6. 
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Fio, 7. Beef-cattle farm with east front. 


















CENERM^ 


•Hi 

hold work anrl pros hor 0 v,ow .)t r»rh building when thr men 
wo away from tho building group and ahr ia tha aoir p.ardran 

/‘tVllM,/!in.,rr /ia-Wia,* o,. Ihe Coar(.-Thare arr a njunhrr 
of “to be ooua.dered in the grouping of the servtoe but d,n^. 

Not all the requirements can be met in ideal fashion on all fa 

^et":,":' rh“g:r t'Xo:'’Th::e':e;ut- 

mLtTTn oLr of their importance, are sanitation, efficiency, 

® -tI:" r:— of heaUh in herda and Hoeka, 

thfi^provenreut in aalabilitv of proa^a -^.f^^'.^'^reTat 
of contamination of water and '““-I./;;, farmstead, 

important attention ^ven to aano 

Sanitation us Pto”“discuaaed previously. Good 
group. 1 his ^ti' 1' ; fa,, isolation of different 

Xri- Ild'usually aid in preventing disease or its spread, 

rr—rdistanee, 

is necessary for ^tL dairy barn should be isolated 

from all other enterprises on the T^e milk- 

cows should not be adjacen o e livestock will 

house can be located on t e ^en r arrangement. 

not have access to it. See 1- g. animals may be housed 

Beef cattle, ^^^^^^^^^^^^^^burshould have separate yards and 

Led with beef cattle, should be Ptov^" separ Q 

poultry must be isolated from ™‘'J"L,wnitation. The 

bard. wLrproof coating resting ftom p.ut»^buil^^^^^ 

fences makes a surface tha j sanitarv. Concrete 

sunshine tend to keep surfaces c .^^nshhie areas are 

floors, clean watering places, an ^ resistance against 

a„ aids i" -couraging growdl^b^ ^ ,, p,„„„,i„g 

disease, and preventing disease , 
sanitation. 
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hfinency — A study of the different tasks that must be done, 
the number of times they must be repeated, the time of dav when 
they must be carried out, and the amount of energ>' that must be 
expended in doing them will often lead to ways and means of 
reducing time and energ.v reipiired in completing these tasks 
and im* the highest efficiency for the building group as a 
working unit. If the dairy enterprise is important on the farm, 
It will iLsually Im* found to require the greatest number of chon* 
hours, done, for the most part, early in the morning and late in 
the evening. Light and water requirements are large as com¬ 
pared to those (,f many other enterprises. The.se facts would 
neccp.tate locating the dairy barn as clo.se to the dwelling as 
feasible. 1 he poultry enterjiri.se. al.so, needs frequent attention 
requin-s considerable use of light, and u.ses a limited amount 
of Hater. In s.mie l.x-alities pla.-ing the poultrx^ houses near the 
iHelhng IS al.so inHueu.ed by the neinl for protection of the flock 

Most of the oth.T enterprises do not require .so much chore 
lalHir ^ dis-s the da.r> . and the need for attention during early 
|nHl late hours comes only at irregular intervals. There is not 
he mss for ch^ surroundings that we find in the dairy enter- 

fina" form ” FoMh"' ‘ ‘'^iidled in its 

nnal form. 1-or these n-asons the buildings to hou.se these other 

dwellmTtl distance from the 

dw« Ihng than would be d.‘sirable for the dairy barn. 

arrairmenHnTh^ndLr'VS 1 

--ng. s.di. w.a^r;::?r:,-— 

"Hste by rearrangement no doubt sayed the e ^ 

irrangement. *' ^ increased by planmxl 

f^rmatead, wa. 

■lay Ih. „,,.raior of one fann waj*k»Id 'ft *h^'‘ ‘*>e 

of ,b,. u-tter ^ -*0 ft., whereas the oper- 

arranged farm.stead walked only 3 240 ^t 
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This is a saving of 900 ft. per day, or 62 miles per year, through 

better arrangement alone. 1 ot 

For proteclion from fire the buildings should be separated by at 
least 100 ft. It small structures are placed between the major 
buildings, these structures should be made of fireproof materials. 

In case a fire occurs at a time when there is a high iiand it may 
be very difficult to prevent its spread, even though there is a 
considerable distance between buildings. Cheinical fire extim 
giiishers placed at strategic points will help greatly ui controlling 
Ires at their beginning. A community fire company . 

truck fitted with chemical equipment, a pump, am s > < 

do much toward reducing damage from farm fires. ^ ^ 

organization to be effective, a large cistern must be kept full of 
water on each farm. The cistern should be located as near the 

center of the building group as possible. 

A great majority of farm fires are started by lightning striking 

unroddcd or poorly roddcd buildings. No evidence is availabli 

to show that a building that was properly roddcd 

has ever burned as a result of being struck by lightning. 

Appearanee.-The modern farmer and to 

more than did the pioneer farmer and his family. 1 y ^ 
other farmsteads and get ideas that can be used at home, and it 

;:rr:: tIc “rif'ThffS 

togir-irrtf tiinr!:::; x 

built to house large families and possibly „f 

the major service buildings, and it seems J 

. h., (•a,ti„g hiher Cl„.., hy ... ... 

hiHiM, Agr. Eng. J Vol. », No. 1, Apn , ■ . ,, t. Agr-r 

> M.taor.i Methctls of Pr.ttcftion against Lightning, 

Earmtrs’ Hxll. S42 HuiUhngs. 

tliKSK, llsNUY, Prevention of Wiiul aiiii 

Iowa Agr. Expt. Stu. fire. 127. 
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south, and by locating all buildings in this way uniformity and 
improved appearance are secured. One type—or at least one 
color of roof covering and one color or combination of colors of 
paint on all buildings—lends unity and increases the attractive¬ 
ness of the group. This paint combination can be carried out 
on fence posts and gates to give unity to the farm as a whole. 
A uniform desip of corner and brace posts as well as of line posts 

heljis, also, to identify the fields as belonging to this particular 
building group. 

protection of the building group from the winds of winter is accom- 
p ished ^ means of a windbreak shown on each of the farmstead 
p ans (Figs. 3, 4, 5, and 6). This wndbreak is located 



Fio. 8. Central distributing point for electricity. 


from 75 to 150 ft. from the buildings to be protected Thr. t- 

are planted in a strip not less than 20 ft ■ j 

never less than three rows of trees Th b containing 

the livestock at all times with a m* ^ ^ 'Rater before 

farmer. Drinkine 7 f™"' 

placed to take advantage of the sWMngXnr^n''? 

bar, are fdeal. Konght nXcTholdT 

water, for it can be supplied as needed Whefr*? “f 

IS not available, it may be necessarv f„ P”*'’"' 

or a cistern on an adjacent hill to ^ T “ 

sufBcient pressure for distributing to pints'nXi 
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Distribution of Electricity about the Farmstexud.—l^gurr S sh.nxs 
a central p(.le with transformer from which leads are taken to the 

various buildings. In many locations this central 

pole can be used to support the meter and an outside light foi tlu> 


service court. 



Fio. 


; Dwelling ^/^riary 

2. Summet kif'chen 6. Garays 

3. Brooder house 7- Granory 

4 . Faef house S. Cnb 


G. Hoy house 
fO. Horse burr 
//. Cahle ham 
72. CuH/eshed 


9.—study plan of eidsting farmstead to be used as 


13. Crib 

14. Granary 

15. CaHte & Hoy shed 
16fo21.Hoy houses 

a basis for improvement. 


ET ynmiotpad —Most farmsteads are 

Replanning an Existing h , i • ..np nf reulanning or 

permanentlyj^cated^ “der‘to a minimum of cost. 

Zwtowing procedure is suggested t ^ 
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ing appearance, and reducing fire risk, (c) Draw a plan that 

would give you the mo.st nearly ideal layout possible. Franu' 

this plan, and hang it in a prominent place, (d) Begin to put 

this plan into practice. Each time a fence or building is replaced 

make it conform to the new plan. As time goes on the plan will 

begin to take form, and no additional expense will have been 

mcurred Fifteen or twenty years of this procedure will result 
in a well-planned working unit. 

Questions and Problems 

18. What are some of the features that serve to make a farm attractive 
to people pas.smg by on the highway? 

19. What a,re the advantages of the central serAuce-court arrangement 

om the standpoint of (a) efficiency, (6) salability of the farm, and (c) satis- 
faction and convenience in doing chores? ^ 

farlteluVi”™?" "‘X ■>» «»« '-tio. of ,h„ 

'''' io tho u», of m„l,i„ery 

22. Criticize the farmstead lavout shown in Fitr Q fr.- 
tion, fire protection, appearance, and outlook from the dwelling"^''"' 

Reference 


CHAPTER \TI 
FENCES AND GATES 

19 The General Heed for Fences.-The management of 
runoff water, the rotation of eropa, contour farming and the 
increased interest in livestock enterprises, as pointed out in Chap, 
"ve made necessary the replanning of a large number of 
fa™. In many cases rectangular fields have given place to 
ZLr-shaped fields designed to facilitate the new farming 
practices These irregular-shaped fields may require more rods 
rferce than do the rectangular fields. This increased invest¬ 
ment can be off.set, however, by the use of temporary fences tha 
Tan he moved to provide satisfactory fields for recommended 

crop-rotation practices. The electric fence has '““"d a P™' 
nont place in dividing fields in the rotation as well as in othei 

dHl^g-and g^Ig sttrnd r= sle fm^rha:: 

aa'Lonomics of Fencing.-Many fanners have -nsidered 
their fences merely one of the hvestock 

'■“1 '.’d^ 'mh- t2 trattitude that fcncil are almost as 
confined. Oth rs take tn ^ 

necessary as p,., ^„e) will cost from 

r::C: acre-f made to confine all kinds of livestock. A.um- 

of „ per the ^al —^^ 

;l.!\l.'fene.. niust he instrumental in 
;r:.raT—‘..c lumua, memne of 

„f^::::rt:rx:Mr'rp^:r:«ofthecrop 
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I. . * farm adds much in satisfactioo each 

M ^ •My farmera have in hiring 
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It inriiasis the farmer's credit at tin* 

taTAWr «i fc, IhM Ih, «1 rt. 
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W at one time the pn^ 
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FENCES AND GATES 



rross or stay wires, the quality and quantity of zinr ruvrring used, 
the sparing of stays, the holding power of the knot fastening 
stays to line wiies, the effieieney of the staple.s or other ineehanisni 
for holding wires in plaee, the stiffness and durability of line j)osts, 
and the fijniiiess and pei’niancuHa* of (*nd and eorner posts 

The selection of a fence for any enclosure deptuids on the kind 
and numbei of livestock to be pastured, the feeding program 
followed, and the size of the fields. Table 14 recommends types 
and specifications ot fences lor different parts of the farm. 

22. Fence Posts. The selection of posts for farm fences will 
be influenced by a number of factors; the availability and co.st 

Table 15. Durabilitv and Cost of Fence Posts 


Vari(*ty and treatment 


Oaa^c orange, no treatment. 

Catalpa, no treatment. 

Hlack locust, no treatment. , q 

Honey locust, no treatment_ 


- /* — - • « A % % CA A • wyj 1 A A 111 

White oak, no treatment. 

White oak, painted with carbolinium 

C'oncrete. 

Steel. 


j First 
cost * 

» 

; Number 

$ 

of years 

; service 

1 

(-- 

Annual 
1 cost t 

t 

! $0.30 

j 

1 

1 

! 

1 — 

; 0.01 

' 0 22 

351 

0 (K)91 

1 0.20 

1 

27 

0 0112 

0.12 ■ 

1 

5.3 

0 0226 

• ^ 

i 0.16 , 

14.6 

0 0179 

0.15 

13.5 1 

0.0192 

0.19 

20.6 I 

0 0140 

1 0.44 ; 

1 • 

401 

0.0140 

1 0.35 ! 

' _ 1 

401 

1 

0 0090 


bv 


on*io'lrcXmtirMV^^ " table were ha»e<l 

...LS; -•-'i"-»—.n.™. 

X Estimated. 

Sr~ 

r: ;L;[r,r rrr ‘‘-t 

management, however usuallv .u , ^ 

quality of service being considered. " ^ annual cost, 

Corner and End Ptfito _<< a r 

-ner poata’' 1, a eo.nron 'statementrhatTriltm^ 
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A slight movcmont of an end post may allow the fence to move on) 
of line a considerable distanc(> at the center of the span. Ot 
course, posts support the fence at frequent intervals, Imt any 
slack in th(' fence line allows livestock to push through, damaging 
the fence and causing rapid depreciation. Thcmnigh bracing 
of end posts is essential. The type of bracing shown in Fig. 9 

is satisfactory when posts and poles are plentiful 

This tvpe of bracing has a number of faults that have caused 

its use to be decreased materially. It exerts a lifting action on 

the corner post that limits its effectiveness; ram water drams 



lO.—Angle- or croBS-hraring system for en.l and eorner post.s. 


down along the brace, causing early ^ 

nt tWround „..o on.l. Son,.- h.s 

,l„m. i,n iho ,.ffiri,.r..’.v of difton-iit .'..d and comoi- brae- » at loa. 
Stlto un,l,.r tho dir,.,.tion of IVof. H,.n,-y Coca n 

,ho«o teats it tva.s foun.l that l>nt-ea “S “hotvn m loRa 1 MU 
were „nite aatisfaetory. The a.nKe brace (I.^ 0 ^ 

Z.a or points where heavier strains are ex,.ec ed. h ort 

f!rea will exert » poll of as nn.eh as 2,tKX) lb attd lonser l.nea 

may require double the resiatattce to keep the fence ■" “hape 

4e horizontal brace shows allKhtly leaa 

corner post than iloea the attele brace. 1^ 
la away from the Itronnd ami for thta reason ,t ahmthl pt e to 

.Gl»a», IICNBY, an,I Maxros " Sthono, 1 he t"a.Pa,tarn 

iMida and Corners, dgr. Knff. ./.i Vol. 21, No. , pn , 
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.s«’rvice. I tiing the same span l)et\\ een end and brace post, 
Cie-^e and Strong found that the horizontal brace held from 20 
to 35 per cent more strain than the angular or cross brace. They 
found. al.<o, that the double brace (Fig. 12) held more than twice 
the load that could be applied to the single brace (Fig. 11), 



mmpm.Vt""' •‘“'f ‘he horiziinlal 

An,-I,,,,, fetnnnd to tho |,ost a, »l,awn inorna.nd tl,o eff,.ct!v,.- 

.■» of 1 I,racn. Thos,- an,.hors stntuld Ito made of troal,-.! 
lurnlxT 11 in. or moro in length. 



I-* 


I>t.uble horiiontaJ bra.*e for oi.d.s and r<,rnora 


-.. o, .. 
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this type is shown in Fig. 14. 
as shown, or it can be placed 
excessive tension occurs. 


This assembly can be installe<i 
in the line at any point w'herc 



Fiu. 13. —Steel corner po8t and braceH. 


23 Fencing for Contour Farming—Fences around contour 
fields* require a much larger number of brace and corner posts 
than fences around rectangular helds. Fencea, unle>« hoj- an' 
of the electric type, cannot be built on curved hnea. 
sarv to build them in straight sections in order to maintain ^ 
tension necessary for rigidity and strength. A post located 



Fio. 14. —Anchor for end or corner poiit. 


the point where a cliange in direction ia made may in’ brac|J 
that it will remain in a vertical position but not necessarily s . 
teiuion in any one fence line. The two lines will 
each other, and so long as the post is held in an upnght positu 
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(l,„ U,nsi„n in tl,n fe.n-o lin<- nill l»- .naintnincl. .inKi- l.ra,-n 
may 1.0 plaood sn aa t.> l.iaool the anBlc hotwwn tho twn fenr.. 
linos or two braces for these corner posts may be placed due( tly 
in the fence line, as w..uW he .lone for any other ty|>o of enre. 
The anchor shown in Fie. 1 < i* used also to meet this condition. 



Fio. 17.—All auto pass and gate 


The so-called “contour fence,” 
mate contour, is made up of a number of straight -ec 

Fig. 15). Sections less than 150 ft. long . j 

bcLse of the excessive amount of bracing 

raced field is dhnded, the fence is bmlt “tn S no pit 
terrace above it as is practical. There mil then be no p 

rows between the fence and the terrace. 
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24. Gates are probably subjected to more wear than any other 

part of the fence. Livestock become accustomed to passing 

through gates and consequently give them harder service than 

any other point on the fence line. Gates must not only perform 

the functions of a fence but must be made to move out of the way 

in a convenient manner. Self-opening gates, for the most part, 

are expensive and often do not stand up well under heavy use! 

For this reason their u.se is somewhat limited. The simple 

swinging gate made of steel or of wood is most popular. Figure 16 
shows two common types of farm gates. 

The so-called “auto pass” to be u.sed for cars and trucks with 
an ordinary gate beside it for teams makes a satisfactory com¬ 
bination. If properly designed and constructed, the auto pass 

makes an effective barrier for livestock and saves much time and 
trouble when the car is used (see Fig. 17). 

Questions and Problems 

23. Can a farmer build any kind of fence he de.sire,s on the division 
between his farm and his neighbor’s land? 

24. If farmers generally adopt a program of soil improvement will this 
26*'amount of fence required? Explain. 

26. Willow imber is cheap, and posts are easily made from it Would 

wTr™ ‘ -i..8 -illc- po.t.7 

26. A farmer has just purchased a 160-acre level farm tlu.t h ^ 
to la.y out according to the plan shown in Fig. 2 in Chap VI 

a letter. Make up a tatl Iho.^n/tL^f^^^^^ ^ 

posts, number of brace posts kind of fonno a ’ '‘umber of line 

list of the materials needed to fence the farm a 

material and the annual cost of the fencing on'thi^'S-m. 


PART II 

Livestock and Poultry Buildings 


C’HAPTER VIII 

planning buildings for the dairy enterprise 

26. Special Planning Required.-The dairy barn is one of the 
buildings on the farm in which f.)od for human consumption is 
handled and processed. Many foods might be handled safe > 
in a questionable environment, because they are 

iTonhese foods to be exposed to intense heat .n dje^pro^ess 

of cooking, which ;f“^'‘”„f7thel'reea.silyconU 

bactena medium for bacterial 

rlprent. and 7 " fi.t draw^.n. ^ - i«“7: 

;:i^rthe rrit!’;-'!*. - 7 dest^Hh. . 

harmful bactcna that may find *f"'' j , ,,hi„ 

being deprived of the stenljzmg action »' 

““FHes' are also “ orsrnTtrion"expre!i^» 

Hopkins, an eminent English autn ^ ,nuiutes in a 

the opinion that if a fly examined under 

r >*2 
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operator, flies ronstitut-e a. real nioiiaro fhrfuiKh cfaitaniination 

f)f the milk supply. 

26. Dairy Cows Are Efficient Animals. Any nninial fliaf is 
callocl on to work at a hifjh rate of ('ffirit'iioy must hr |)ro\'i(lo(| 
with a satisfactory onvironmont if ^ond results arc to he cxpcf tcd. 
rho dairy cow pea-forms a large amount of work changing raw 
mate) ial into the finished j)roduct, milk. Fhesc' |)roces.ses pr<j- 
duce a considerable amount of heat that must be removed from 
the body of the cow. Carbon dioxide and moisture are other 
by-products that must be taken care of to (-nsun* the comfortable 
environment needed for efficiency. It is natural to assume that 
an environment is comfortable when it meets human standards, 
but recent experiments indicate that the comfortable t<‘mpera- 
ture for a high-producing cow is considerably lower than would 
ordinarily be expected. The optimum barn temi)(*ratun' for 
milk production lies between 50 and 80°F.* 

27. Good Plans Save Labor.—Operating a dairy enterpri: e 
consists in carrying out many repeated proce.s.ses, thus offerin ^ 
an opportumty to make a considerable saving in labor through' 
good planning. Manufacturers sjiend considerable time and 
money stud^-ing each move in an operation that is repeated a 
great number of times. If they can shorten each movement In- 
only a fraction of a second, the accumulated total for the dav 
may be worth while. A careful study of the different operations 
to be performed in a dairy barn may not only shorten the time for 
the work but also make it less tiring or perhaps more pleasant. 

his may have an influence in attracting hired h(«lp if .such is 

needed. A laborer, other things bedng equal, will elect to work 

01 e man who can offer good equipment and attractive 
surroundings. 

28. Investment in Equipment.-One thing that must alwavs 
mertTn fi'"1 enterpri.se is the optimum iin esV- 

being realized. The dairy enterprise is no exceptln to thlTnde 

f coxNs are high producers and prices are good the investment in 
fixed capital can be large. osiment in 

Figure 18 shows the influence of production rate on fho • 
ca..o„ in the "of peori™" p,'; 

•■■‘-'■y, M. .t. R., Agr. Eng. J., Vol. SI, X„. «, p. 
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cows producing less than 6,500 lb. of milk yearly will not bring 

return.s beyond the co.st of feed, and a smaller rate of production 

may not even pay for feed consumed. Any investment in a 

bam for this kind of cow would hardly be justified. However, a 

cow producing 12,000 lb. per year may justify an expenditure of 

$250 for buildings without decreasing the returns from the enter¬ 
prise. 


Consumers must be comsidered in planning. Milk ordinances 

arc rules laid down by repre.sentatives of the consuming public 

for the pnxluction and handling of milk for public u.se. They 

rightfully have something to say about how the barn is arranged, 

the materials from which it is made, and how it is cared for. 

niev demand a clean bill of health for ♦^he workers and even 

sptx'ify the kind of clothing the workers wear. The con.sumer 

pays more for his pnxluct, but apparently he is willing to do so 
becau.se he knows it is whole.some. 


29. Factors and Regulations Governing Bam Design.— Most 

milk ordinances set forth a number of regulations applying to the 

design and construction of barns. Impervious, washable floors, 

laid .so a.s to drain well, are es.sential. Side walls and ceilings 

must be smooth and tight. Projections from the wall that will 

cab-h dust are to lx‘ avoided. Some designers set windows so 

that they will be flush with the inside wall surface to prevent 

collection of dust on sill.s. Some ordinances refpiire. that walls 

and ceiling be whitewa.^^hed once each year or painted onc(> each 

2 years. Floors must be scrubbed or covered with slaked lime 

once each day. Cobwebs and dust must be bmshed down or the 
walls and ceilings washed frequently. 

.Most ordinances do not go so far a.s to require screens on the 
am, but they are unanimous in requiring .screens on the milk- 
house Many dairA-men, rt^cognizing the menace produced by 
flies, have provided screens on window.s and doors of their barns 
al-so In .some instances special equipment is provided that 
finishes flie.s off as the cows enter the bam. Most of these devices 
not only keep the flies out of the bam but also trap them, making 
It piwsible to reduce the hazard from this .source. 

Disposal of Manure from Uw Dairy Bam.—Manui-e .should be 
reinov^ from the barn Ix^fore each milking. It mav be hauled 
to the fiehls and spn ad each day, it may be piled in the vard at a 
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diataiur from the bam for a period of not to exceed 4 
dava or it ntav lx- stored in a fly-tinht ini|xrviou. pen or pit 
Manv barns are not equipped with drive-throUKh ^-rt iee .liey- 
^iiid it is neeessarv to move maniir.. to one of the stab e doom for 
loading on the slireader. Two methmls of handling the manor. 


TVBUK ift- 


\M0VNT \SV V\lel K *>F MaSIRK 


AlltlltHl 


Per vear 


I'on 


V aluo 


lh»rso 
Dairy row 
Other cattle 
Sheep 
Ho(c 


2 

4 0 
0 4 
0 ft 


S31 ft7 
3R 7ft 
21.88 
3 8ft 
3 71 


• Fmn. r-i*. *'*'• 

ill w-^' one consi>te of nn 
under such carte equipp.d 

overhead tra<-k s> st , 1^ ^ influence the deiign 

uf the barn as well as the manure P'* ^ of 

determined by the number of cows in the m 

Where the operator of the tarm arranut^ 

the storage p( - t>os«ible to spread manure on the 

clean the pit whene\er \ ■ U'^uallv be suffieient 

fields, a •i'or-ti-week storage of manun- 

Table 16 gives mfomiation on the | ■ ^ , animab 

aceiim,Hated from stables housing different kind 

during a period of 1 year. - i ton of manure would 

,n a period of 6 weeks. “PP”*'™^^ ‘ “"i”L about 2.1 lb. 
nerd to he stond for each cw. Manu 
|xr cubic foot, and therefore 80 cu. ft. of storage pace 

needed per cow. ^ storage of manun 

A pit dug into the ground fm^rial into il¬ 
ls concerned and is con\enRn P a o nil re from the pit to the 

However, the work of theUrger pits a drive-through 

irratigenient L- rcoiiimeiided. kigure 19 dio" 
manure-storage structure for .-hurt , |, may 

,.igk,i„g.-^ead lighmig - ‘"I rrc:*. lure ordinane- 
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call for 1 sq. ft. of glass area per cow or a smaller glass area 
supplemented adequate artificial light. The 4 sq. ft. (»f 
glass per cow may result in excessive heat loss mdciss shutters an; 
provided to cover the windows on cold nights. B.v using special 
wdndow glass that will admit a part of the ultraviolet light of the 
sun, much of the benefit of direct sunshine can be secured. 
Artificial idtraviolet light has been found to Ining good returns 
in some instances, espc'cially with young animals. 







Fig. 19. — A mamire-storaKO structure. 


When the dairy Imrn is wired for electric lights th(> location of 
t hesehghtsis important. Figure 27 .showsa wiring plan for an 18- 
cow, individual-stall type of barn. In this plan the cows face in to 
a central feed alley. The lights are placed about 12 ft. apart and 
are alternated from one side of the alley to the other to leave 
lear space m the center for an overh(>ad feed carrier, if one is to 

Iter of I “ ‘ho 

StrZtil 'onlhr^^^ “ hotter 

•1''° "■"* and cleaning, the lights are 

spaced ,n a similar manner and should be placed over the gutter 
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r»s 


ns shown in Fig. 27. ’I hi,^ furnish. s g.-^l light for milking and 
f(»r rlcnnitig floors. 

Imliviihinl switrh. s on oa. h lino will n*snlt in or.momy in the 
us 4 > of curn-nt and enahfe the ean'tnker to hav,- g<KKi light for the 

particular work he is doing. 

\ entilalion, though providini primarily for the bi nefit of the 
cows has a place in improving the condition.^ for handling milk. 

W hen odors and impun.* air are removed the chances for contami¬ 
nation of milk are greatly reiluced (see ('hap. X\ II for a more 

complete discu.ssion of ventilation systems). 

Many ordinances contain regulations for the handling of feed, 
especiailv of hay. Authoriti<>s are agn^-d that hay should not 
he thrown down into the milking harn unless a closiKi chuU- ls 
provid.Hl. Usually one part of the harn Is set aside for maternity 
luid calf pens. The hay can be thrown down in this part providi-d 

it is separated from the milking part by a tight partiUon. 

Rather definite regulations are set up for the handling of milk. 
Partlv covered milk pails, whert* hand-milking is done, are 
recommended. The milk from each cow must f>e delivered to the 
milk room as soon as it is drawn. The milk room must not open 
directlv into the milking barn but must have a ventilaU*d hallw a. 
betwcK^n. ^^’here the miIkhou.se is adjacent to the bam, a 

covered oonneeting walk provided with good cros.s-ventUation is 

Afte/the milk is delivered to the milk rwm it mu.st be cooled 
down to 58°F. within 20 min. and held at this or at 
tures until delivered. Where running water is 
sufficiently low temperature to meet these 

water pumped for Uvestock Ls allowed to flow throu^ this tank. 

entering at the bottom and esoapmg at the top 

standpipe shown. This arrangement i, 

warmed by the milk, and the lowest possible temperatu 

maintained at all tunes. . 

If the water supply is limited or if the 
oientlv low. ice mav be added to produce the desired residta. .M 

insulated tank is then desirable. Fipre 21 shows ^ 

buUt from concrete. Waterproofed maulation 

in convenient sires and can be placed readily as the concrete 
poured. 
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Kio. 


2 " Outfrt ptps 

Uiiinaulated tank recommended for conditions where a plentiful supply 

of cold water is available. 


Dmn^M hoards 



Kio. 21. 


^Bara 

kyhsn mschanicaf 

Cooiff^ js Sfnploysil 
ass corJrhoare^ or ^ 

C^wva/tfrf for Insulalio/T, 

WUted cooling Unk for condition, where water temperature must be 

lowered by the addition of ice. 


30 The Milkhouse. - .State and city ordinances are very 
stnet ,n rega,^ to the care of utensils in which milk is transferred 
and pnwessed^ They all agree that the kitchen i., not the proper 

,n!^. T * difficult for 

Inspectors to impress on dairj'men that kitchens mav be a source 

of conUminatmn for the milk supply. Most people are quick 
proves, of milking offer fertile ground for the developlnt of 

“f various kinds that may find their way into the 

the're"* iCl concentrated 

not exposed to 
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contamination from any other source, and usually the kitchen is 

better off without this extra burden. 

There should be provided a separate milkhouse or milk room 

for the handling and storage of milk and the washing and dis¬ 
infecting of milk apparatus and utensik, provided with a tight 
floor constructed of concrete or other impendous material and 
graded to provide proper drainage. The walls and ceilings of the 
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Fig. 22.—One-room milkhouse for the farm selling cream. 

milkhouse or milk room should be of such 

permit easy cleaning and should be pamted at le^st once a j 

or finished in a manner approved by the health 

The milkhouse or milk room should be well lighted and ven 

lated, with all openings effectively screened to preveii 
....tranee of Hies, and should he u-.-d for uo other PurVoK tha 
ihe haudliu^r and storage of milk or mdk produets and o he 

operations i.ieideut thereto. The cleaning and othe. 
should he so loeah.d and conducted as to prevent any c-tarn n 
iion of the milk or of disinfectol eipiipment. 1 h( milk 
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should not open directly into a stable or into any room used for 
domestic purposes. 

The sia- of the hou.-^* and the number of room.s will be Ko\ ei ned 

by the size of the enterpri.se and the method of marketing the 

product. Figures 22, 23, and 24 show diflferent t> pes of houst^s 
to meet varying iH*<‘ds. 

The milkhou.'^- must 1 m> lo<-at(‘d .so that livestock will not have 
acceas to yards immt*diately surrounding it. The central service 
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Questions and Problems 

27. The milking ham should b*> clean as a kitchen. Is this sUtenient 
imc? Wouhl It apply more appropriately to the inilkhoiise? Should the 
milk ordinance pnivtaions in refcanl to the milker'sclothiiiK. l>ersonal cieanli- 
n«m. and health he obnen-eil wherever milk is handled? .\re fly si'reens 

for the dair>' huildinji?i? 

2«. In the pna-ew of prtxluction. what by-products tend to create an 
und^ralde environment in the stable? What problems are created by 
the handling of raw producU ifeedi? By bacterial development? 

29. Frr<,uentJy repeated operations make efticiencv important in indus- 
lr>’ lioea this apply to the dair> enterprise? Illustrate. 

80. .\ny mveatment made in a business enterprise should bring a financial 
i^ti^ on tlM. investment. Does this statement apply to the ilairy buildings? 
To the automobile on the fami? To a moilem home? 

31. rhe milk onimance in many sections calls for 3 sq. ft. of glass area per 
*‘i|^u»te .mpplementar>- artificial lighting. \N hy is sui h importance 

^^mre u?'" 


Cl 1 AFTER TX 
TYPES OF DAIRY BARNS 


There are two general types of dairy barns. In one a ‘‘ 
LTZuL earh cow, in which she is ted, watered, and milked. 

siie is kept in her stall at night and for at least a part ot the time 

on storin'^' days. 'I'his bam is called the tndimdiial-slall type. 

U, the secoiid'harn the cows are allowed to move about at will. 

Some dairymen divide the barn into pens for four or more cows 

'to facilitate handling and to secure a 

“*1 7Xldual-s.all Bam.-The most common plan for the 

iudiv'idual-stall barn proi ides for the storage 2’, 

oerhans ground feed and oil meal on the .second Hooi. This plan 

of overhead storage has two advantages: (a) it ^ j, 

• 1 -v -.v tlii.v will 1)(‘ most convonirnt foi use, and f ) 

gn>atlv reduces roof area of the barn, which, of course, I'^^djiccs 

cost of this item. Sufficient strength, however, must b 

built int.) the Inirn frame to support the additional vm ig 

mait^nnls stonni overhead. 
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The disrease in the Hre hazard secured by the use ol 
baniH is a factor in its favor. 
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Arrangement of Stalls .—In arranging the floor plan, the cows 
may be faced into a central feeding alley, they may be faced out 
from a central service alley, or they may be grouped with mangers 
running across the length of the barn. Each of the plans has 
advantages. The face-in plan n'duces the chor(> route for fc'eding 
and allows more sun.shine on the gutt<>r and stall floor. The 
face-out type avoids division of the herd wlu'n thev are stabled; 
It decrea.ses .somewhat the chore route for milking; it make.s 
pos.sible a little more convenient arrangement of hay chutes; and 
it is often considered to have an advantage in showing off the herd 
Attention is directed to a study of 100 dairy barns in Wi.sconsin' 
made with a view to determining the relative desirabilitv of the 
different plans or arrangements.» In this group 70 liarns wen- 
planned for the cows to face out, 11 to face in, and the remainder 

b^rn wi^th mangers running acro.ss the length of the 

barn. The length of chore routes for the operations of fei-ding 
milking and manure removal were checked and arc given in 


lABLE 18.—Dimensions for Stamoard Stall Design 

Breed 

I Stall length 

Stall width 

Holstein, large 

o ft. 8 in. 

I 4 ft. 10 in. 

5 ft. 6 in. 

4 ft. 6 in. 

5 ft. 4 in. ' 
4 ft. 6 in. '■ 
0 ft. 0 in. 

4 ft. 4 in. i 

j 

4 ft. 0 in. 

3 ft. 6 in. 

3 ft. 8 in. 

3 ft. 6 in. 

3 ft. H in. 

3 ft. 4 in. 

3 ft. fi in. 

3 ft. 4 in. 

Holstein, small 

Ayrshire, large 

Ayrshire, small 

Gnernsev, large 1 

Guernsey, small. ' 

Jersey, large. . 

.leraey, small. i 



lotion Of ;;^z 

methods of takingTare^f thl! xtStion ’"'Th 

J., ^^Manufacturing Point of View. .4^,. 
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stanchion used. This type of stanchion may be moved toward 
the gutter or away from it, as the need may demand. 



S+yle A- Extra High Manger 



S+yie B-High Manger 


- 20 "— 




- 24 " — 




S+uie C- Low Manger with 
^ Raised FeM Alley 


Style D-Medium High Manger 


FiQ. 25.—Standard manger sections. 

The size of manger has been standardized in order that manm 
factumrof manger dividers and other equipment may be able to 



Fiu. 26.—Standard stall and manger design. 


E^ifrfh 


supply farmers ndth this 

25 and 26 show the standards thai go' en 























OF DAIRY HAHNS 
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Aft^'r the stall length and manger design have b<‘('n dt'termined 
and the width of feed and service alleys riecided on, the width of 
the bam can Ik* coniput<*d. A satisfactory width s('ems to b(* 
34 ft., although some pt'rsons prefer 3() ft. in order to have a little 
mon* room for chort* operations. The 34-ft. width ha.s .some 
advantages in economy of construction of roof and framing and 
then'fore warrants .xome sacrifice in convenience. 

'Fhe length of the barn will Ik* determined by the number of 
stalls, the number and width of cros.s-alleys needed, the number of 
calf fK'iis and maU'mity pt*ns, and the storage space recjuired on 
the ground fioor. In the general plan of herd improvement it is 
ronsidenal desirable to keep I calf out of 5. Stalls for 18 cows are 
us<-d in the bam shown in Fig. 26, becau.se this is considered to Ik* 
the smallest size of h(*rd for economy and because it is the maxi¬ 
mum numlM*r one man can handle efficiently. The bain with 
18 standing stalls .should provide for 3 calves and 3 yearlings. 

I he 3 two-year-olds can Ik* alt<*rnated with the dr>* cows in 
standing stalls and maternity pens. One mak'rnity pen .should 
Ik* pro\ id(*«J for each 6 to 8 cows, making two or three .such pens 
ne<*(*.sHary w ith this size of herd. A room on the first floor should 
lie providt*d for the storage of fe<*d carts and other equipment. 
ChuU*.s from overhead bins may be extend(*d into this room for 
convenience in loading fi*ed carts. The milk ordinance will not 
FK'rmit the hay to be thrown down into the milking barn unle.ss a 
du.st-priK,f hay chute is provided. Such constniction i.s not 
•li-sirable in the milking bam. and thus it Ls often built into the 
.•KK'tUKi containing calf and maternity pens, where the dust is not 
NO objectionable. In locating hay chutes, the total distance that 
hay must be moved in the mow and on the first floor .should be 

con.*.idt*n*d, although the requirements for sanitation are of first 
imjKirlanre. 

The bam in Fig. 27 is the conventional two-stor\' tvpe with 
fei-d .storage on the .second floor. This bam is 34 by 66 ft and 
proMdes 18 stalls, 3 maternity iK*n.s, and 1 calf pen for 6 calves 
storage LS provided for 40 toms of hay, 10 tons of bedding 1 
carlc^ of oU meal weighing 20.000 lb., 300 bu. of com, and 320 
hu. of oats. Bins are also provided for a 2 weeks’ sunnlv of 

™t,r fwdms p<.nod. The «-indow, furnish 3 sq. ft. of glass 
pir TO». A smglMtack King .sa-slem of ventilation is 
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planned The size of the stack is 3n by 30 in. Six antoniatir 
fresh-air inlets are need to distribute fresh air. in warm wea^ei- 
additional fresh air can be secured thronsh the windows. W alls 
are sided with vertical bam siding and the cracks covered with 
metal hats. Walls arc covered with paper and ceiled inside. 
Paper and ceiling on the underside of the mow-ftoor joists meet 
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the requirements for sanitation and for 

chions and stalls are used in milking ‘‘alf hams 
The feed-grinding room i. placed 
lower floor so that a tractor may be ^^ted to the g 
desired. Oats and corn are shoveled toJhe_ grinder an^^^ 

ground feed delivered upstairs to ‘j^^^^ucted for it. 

stored on the second floor in an area espe ^ ponvenient to the 
A mixing floor next to the groun - ee ins ^ ^ 

mixed-feed bin adds to the convenience of this pait 
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The hay storage in the barn illustrated in Fig. 28 extends to 
the ground, and the stalls, pens, and feed storage are all on the 
ground floor. The capacity is practically the same as for the 




Fio. 28 . 


Model T barn for one-man dairy herd. 
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covered with insulating board. This barn can be constructed 
of lighter weight material, but the larger amount of roof surface 
and the added foundations bring the cost up to nearly the same 
amount as for the plan shown in Fig. 27. If hay is chopped and 
blown into storage the size of this part of the barn can be reduced 

at a considerable saving in money. 




Fig. 29. —Conventional-type barn for 30 cows 


For the two-man dairy farm a plan with 36 stalls is shown in 
Fie 26 The milking barn proper is a single-stoiy s rnc ui< 
nmking an L addition to the two-story barn where feed is stored 
and where calf and maternity pens are located. An elevator i. 
provided for handling the corn and oats. A winter and a suramt 

silo completes the setup. A single-sta<-k King system 

tion is used with automatic air inlets. Wall construction and 
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.Tiling insulation arc similar to that, used in the barn shown in 

Hk- 28. I-ceding alleys are made as straight as possible to 
nirilitate the use of feed carts f>r carriers. 

one-story bam has a number ..f points in its favor. 
Ihc fire hazard ls i-educed, the construction can be very mate- 
nally lightened, and sanitation is made less difficult. Dairymen 
who have herd.s that have been buUt up over a long period of 
yean, are e.specially interested in this type of structure from the 
standpoint of safety alone. Several disastrous fires are on 
re<-ord that destroyed herds of cows and with them the accumulated 



Fio. 30 . sinRie-Btory dairy barn. 


valuo of a Hfotime of careful selection and work. Many two. 
hlT B™ wT ** more of 

framin, ■ .aierirntav The^dv"’ 

atory bam space. Figure 30 ahowsT!ingl™s'to'’A^'bam b T'^'f 

co^rete baying .silos and a hay keeper adfaoent 

advantages Xn^eotZarert aome dis- 

One of the greatest advent ^ conventional type of barn. 

ho produced with a raall^nvestment'to Product may 

- that Will 
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R,rh a rase the only new construction for the enterprise would 
<-ousist of a combination milkhouse and milking room. A second 
advantag«‘ <-omes from the freedom that the cows aiv afforded. 
It has been proved conclusively that cows fall off m production 
when they are confined in stanchions. Some dairymen report 
that cows can be kept cleaner in the loafing barn than in other 
types of barns, which is a third factor in favor of this type. A 
fourth advantage is that the labor of cleaning the barn is reduced 
and Is spread over the day. The milking unit must, of course 
be kept clean at all times, but it is .small, and, since cows are kept 
in the stalls but a .short time, this is not difficult to accomphs 
The loafing shed can be cleaned and bedding supplied during the 
dav when other work is not pressing. Some daiiymen objec o 
the loafing barn on the premise that much additional bedding is 



Fio. 31. 


Loafing barn with separate milk house and milking room. 


required. \Vhere a farmer has an abundance of straw and wishes 
to eet it changed into manure, this increase m u.sc of bedding w 
1 be an ,rio,.tion hut an advantage. Additional ban, room .s 
“lutd, hut sin,.e a lowe,- ..uaiity atructure will ae, ve th,a . 
a serious ol,ieetion. Some doaiRuers allow 50 sq. fh o 5 R 
snace iier cow where exercise yards are easily acce.ssible and 
sq ft. per cow where no outside .yards are available or where th 

'“IThl mriltr^oom is sometimes made .-Re ;n»^ 
bold a fourth or the herd so that 

“■‘S ir Where a'^me ai^e: Ser is used two cows my be 

r ?ht\u a^a t me The cows can be fed and cleaned and the 

milker attached. Two more may be admitted, ted, ai 
d'he milker can then be tran.sferred to these ^ 

a,c then admitted and the process repeated After a few . 
the cows come into the milking room without ‘rouble or lo 
rime When cows have been fed concentrates and milked. the> 










TYPES OF DAIRY HARSS 


83 


jfi scre^nr^f 

sashes sw/nff iff of fop. 


Bofffe was he 

\\Dry'r^\ S'S^X 7'’$ 
jj racf f' 


'^Screef74^\ Dram^ 
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Ceth 




f Drain 



j 5 Q 9'-3’*T'-r 
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hiinged of hoffom 


S^^iie wa/f - 


S/ope /"fo 2S' 


liffer A//eg 


! h/M/ng r 

\ /rrachine-Y 



J Drain^ 



Kiik 32. 


Concrete 

Floor plan of .•ornl.inat.on n.ilkl.ous.- and ....Ik.i.K room shown in 

Fie 31. 
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livestock and poultry buildisgs 

eo back to the loafing shed and give no trouble by coming up a 
second time. Where the milking room is m a separate stmcture, 
it is often advisable to combine the milking room ^^^th the milk- 

house, as is shown in Figs. 31, 32, and 33. 

The milking room may be connected to the loafing bam b> a 

be well ventilated but kept as dark as possible to aid in keeping 
flies from making their way from the loafing bam into the mi mg 

'^^the loafing barn shown in Fig. 34 the ^^•idth of hay storage Is 
u t the 3 ft of manger space allowed per cow will provide 

rffici^t storage for loose hay to feed her throughout the se.son. 

72-0' 



Fig. 34.-Loafing barn with built-in milking room 


The barn can thus be fitted to the size of herd by varying the 
'™,foolder c,inrates the nriiking roonr and the nriikhonse as .ell 

may be built into the loafing bam see ^ 

A more elaborate system us sho^^m m 

brought from the loafing shed two ^ ^ ^ged in tandem. 

^uch a system nnll work to best f' tdlXal-steU 

36. A Comparison of the Loan g o_« eek period 

Types of Banis.-A time study Mo. In one 

,,„t for the most part the resultsthe 

iftlte^andTr^bam w;:brushed longer than those in the 
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loufiiif; Warn, arrounting in some measiin' for the extra lalxtr. 
I he cows in the individual-stall tyi>e would sonu*tim»*s lij> down 
while waiting to 1 m* milkjnl, making a s(>rond cleaning n(*(*(*ssarv. 


-- 





Ope/f 



Off 




har/f 


Soafh 





Fio. 35.—Tandem arrangement of milking stalls. 

Dispfxsal of milk in the large standard bam required more travel 
and thus n*quired additional time. 

The question has arisen a.s to whether the cows have time to 
eat their concentrates in the loafing-barn system. The cows are 

Iablk 19 Time pek Cow per Milking 

In Minutes 



^'tahling 

Ke^^ding 

Oeanini^ cons. 

Milking and disprming of milk 
1 uming cows out 

C'Wning ximble or milking {mr 
Cleaning Ittafing ham___ 

Total 

G»ikiM milk p<*r miw 


Ixjafinn ham, 
milking parlor 

0 23 
0 18 
0 77 
2 9 
0.17 
0 23 
1 2.5 


5 73 
1.55 


tr^tet T" - ^ ^ ' her conoen- 

and consequently had more time in 1. .. 
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I.l\ HSTn< K tv/) rol I.THY HI ILhl\li> 


It «n. H"' l..•r.Unmn•. "pii-'" 'I'"' U'- 

' I *• ;ti «Kirh to rat thoir ronri-ntratoji 

sri m<‘*l to »>nvr nmpir tunr ui to . ht 

wliilr 11 h‘V \v<M'r Ix'ing nnlk«‘«i. 

.. ... It..- n.ilki.* ,.:.rl..r -.ai.'l 

..-‘‘""nrXm ^ '.«• n”u"^;. 

QuestionB and Problems 

32 Some dHirvmon in the Northern Mate* are of ^ 

,0^. type of da.. h.n . - ^ ^ 

there Rood reaiv.n f..r this Wl.ef? Ho« do the W J, »dvaDta,«. 

r' r iTT r:r r... -^i.. .... 

“r r-r.TJtr 

barn will he the more c«>mmon t>ia- in the future. 

that will determine this? Missouri "'hv i« this true? 

,4. ^„.,dor.,in. m 

35. \Mtat are the different details hat must hf 

making the floor plan for an stalls are arranged in 

36. In some plans for the milk g regular arrangement’ 

^h"e ;umhero7 slafls ^The md^^rroom vanes from 2 to 12. Which U to 

room and the milk room in the same s hay to he 

38. Make a ground-floor plan for a loahng barn 

stored overhead. I so a ^ale ^ ^^ 1 ^ room eombined to he 

39. Make a floor plan for a milking room ana mu 

used with the loafing barn. 


(CHAPTER X 

BUILDINGS FOR THE POULTRY ENTERPRISE 

Poultry is one of the common enteri)riHes on most farms. 

from 50 hens, kept to supply the family needs, to 

500 or more, where poultry raising is a major enO^rprise of the 

farm. I* locks between these limits in size are considered to be 

uneconomical. Intermediate numbers require almost as much 

attention as the larger flocks and bring in a relati\'ely decreased 
return. 

Building.s for the poultrv enterprise con.sLst of the laying housf*, 

the brooder house, the range shelter, and perhaps a small struc¬ 
ture for the storage of eggs. 

37. The laying house should be planned to meet three require¬ 
ments: the comfort of the hens in both summer and winter, the 
convenience of the operator, and the financial limitations of the 

enterprise. Failure in any one of these requirements limits 
the success of the poultry project. 

In planning for the comfort of the hens, three situations should 
be provided for: the roosting, the feeding or exercising, and the 
nesting of the hens. The conditions for comfort mav be different 
in each of the.se situations, but in all will be found the requirement 

iji . ... and air movement, A 

better picture of the prolilem may be secured liv an aimivsia of 

eomfortablo conditions for homes, factories, etc. I>eo|>le avoid 

sitting or .sleeping in a draft because they mav contract a cold or 

dhromrnT- ““IT "ork without 

disconifort in the wind or i.i a shop where air is moving rapidiv 

Z mT iT they cause too rapid cooling oj 

the body. 1 hus it is seen that a certain degree of air movement 

may be called a draft in one instance and not in another It 

would seem logical that greater care should be exercised to meet 

fhe requirement, for comfort in the roosting section than in tim 

humX”"’ " t-P^tiir 

hmi; ," eaTh 
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An experiment rvas ron<tn,-te,l at luna State Cnllege several 

“r Each of these coops held 10 hens, and each rece.ved a 
definite amount of air: the first pen received an amount so sma 1 
that the question was raLsed whether the hens would hv at all 

tht “tCc^oV were set up in a room that was held at a 

uniform temperature throughout the winter. 

vlriltton in production in the different coops, although the 

humidity varied from very low Ve year4 

Ibse^aiion of these experimental hens after the close of the 

'Tt the Misslu"erim^^^^^^^^^^ anexperiment is beingcon- 

above the ground.^ reuT”^ plS on strip'sheathing is 

plate of the rafters is covered with shiplap, and 

used, ihe unaersiue ui insulator. 

the space between is fille v.nnrd'n were built into this 

Nests and roosts with tight <l™Xfn “to"rio^^^ »-ter 

one thickness of burlap or ah in the 

prevent snow from drifting . rv^jriitv to as low a point 

lower half of the ^^re has been slightly higher in the 

Ln ou^id. but — it f —J the 

been secured in this house than ^^ase; le two 

farm. No trouble has been encountered , however, 

seasons th™>gh 'vhich this house experimental house 

::;l?::t7L"n: on'theUa m the open section, 

even on cold, windy days. are cold; but this 

watering is ^ 

problem may be met by the use oi 

containers. oVinnlrl be made com- 

38. Nests, as well as roosting sectio , 

fortable lor hens. Nests shoii d be f ;„,o.er A 

and should be ventilated so as to be comfortable in 
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checkup on mortality in hot weather revealed the fact that of the 
hens that died, manj^ were found dead on the nests. Many nest 
sections are made so that there is little chance for circulation of 
air in them, and on summer days they may be e.\tremely hot. 

ire floors in nests are used to aid in keeping nests clean and also 

to provide for some air circulation in summer. The amount of 

material in the nest can be varied to suit the needs at different 

seasons. Consideration must be given to summer as well as to 

winter conditions in planning the nest section as well as other 
parts of the house. 

Missouri Experiment Station Bulletin 247 reports e.xperiments 
on growth of chickens. It was shown in this circular that the 
rate of growth was materially reduced when the temperature 
exceeded 85°F. LikewLse, production records on hens show a 
decided falling off when laying-house temperatures exceeded 85°. 
Considering the other extreme, it is generally agreed that hens are 
thrown out of production if combs and wattles are frozen. It 
IS not known at what temperature this occurs, but it would seem 
that 32 F. should certainly be the lowest limit for the roosting 
and nest section of the poultry house. This gives an upper as 
well as a lower limit in temperature for this part of the house. 

39. Relative humidity may vary considerably so long as the 
temperature is kept constant, as was seen in the Iowa experi¬ 
ment. It seems, however, that if the temperature is allowed to 
fluctuate suffloient a.r change should be provided to keep the 
elalne humidi^ty to some point below 50 per cent. Relative 
humidities higher than this occur in some instances without 
causing trouble, but when the temperature is falling the 50 p« 
cent relative humidity often causes condensation on windows 
and equipment. Relative humidity must be given consideration 
l^ause of the fact that the birds give off moisture through resp" 

Mi be diffi a saturation point it 

tho c ^ome benefits, however, may be secured through 

® ^ straw loft, although no definite facts have been estab 

I*o, dn : ‘r- ‘ ‘•'"t the?n"tX 

rapidly 1° “ "''I' humidity very 

tioi many mes bv low 

y t mes hy lo^^ ering relative humidities. It is not 
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* 1 , K In-*- i^Qn V>p sGCurGcl in this wiiy from thti 

rariofHhrLysTn place 

,r ah- change is to dcPe"dcd on 
be necessary ^c conserved by insulating walls, 

feurnrr. ^d i." “ 

r = rrr=S— 1..—- 

ber of birds. . bv different 

40. Venlilalion in poultry hous« J 

methods in the many i ereii ‘ ^ ^ j 

The open-front-type house is used quite extensne , 



Fig. 30. 


(b) 

(a) . / X 20 bv 20 Missouri type; ib) 20 by 40 

Op.n.fre.U l.yms 


This type of least 12 ft. 

;:arfr:::Xcnit^^^ rr: i- 

the roosts. The air enters and i„ the roost- 

'‘"Tre‘‘o;" alws some direct sunshine to enter 

houses. In these houses the ua . a „|tcavlolct rays 

" ourak? Tr well as inlet flues are provided to 

accomplish the change of air "ecd''d t 

41. C„«i-cm>-« of the ‘i„ many poultry-house 

h..„s has been given first “,““ g J,. « in. above 

aesigns. in dwellings ceilings are ^ P i^rf^ht of ll.c 

the floors. This IS aliout “'‘c-and-oncj^^^^ 

unlividlials who ““ be used ill poultry houses. 

liens a celling height o " , . . certain volume of air is 

The argument has been offered that a certa 
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needed in the poultry house, thereby requiring the higher ceilings. 
The air probleni could probably be solv'ed, however, by niore 
rapid changes if lower ceilings were used. As noted in ('’hap. 
XI\, the hens gi\'e off a comparatively small amount of 
heat. If each hen is allowed 3 sq. ft. of floor space and a 7-ft. ceil- 
ing is used, the hen must provide heat to overcome the loss 
through 3 sq. ft. of ceiling and her share ot the walls, windows, and 
doors as well. In most poultry houses this would be 4.5 sq. ft. of 
wall plus 3 sq. ft. of ceiling, making a total of 7.5 sq. ft. If con¬ 
struction is such that 0.30 Btu is lost per square foot (which 
would be better-than-average construction) and if a temperature 
difference of 20° is expected, each hen would need to supply 45 

Btu per hour (7.5 X 0-3 X 20) it no heat were lost in ventilation 
It IS seen from this case that the 20° difference in temperature 
cannot be maintained in the whole house, and since the roosting 
section and the feeding room are together in most designs the 
temperature will be the same in each. If hens, like people, need 
different conditions at rest and at work, manv poultrv houses 
will not provide the conditions needed. 

In another experimental house at the Mtssouri Experiment 
btation an attempt has been made to design a building to suit 
the needs of the hens, of the caretaker, and of the budget as well. 

ipire 37 shows the plan for thLs experimental house. The roosts 
and nests are upstairs, and the feed and watering equipment are 
dounstairs. The lower section has an open front on the south 
and has sun porches attached on each side of the south door 
making it possible for the hens to get out into direct sunshine 
whenever they desire. The upper story is closed in winter with 
he exception of the 8- by 18-in. floor opening on each side of the 
all that permits the hens access to the lower floor. The straw 
oft allows the warm, moist air to filter through into the attic- 

on JherLT™"' ^ placed 

The caretaker feeds and waters the hens, gathers eggs from 

r^sS'h' H- intervals of 1 or 2 weeks cleans u^der the 

‘^ide walls cleanout doors provided in the out- 

heus hn f ^ conditions for 

chores and it" ^^^^ssarv 

.th this arrangement it is not necessary to be in the perwith 
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,1,0 hons. Tl.b m,u-1- In'Ipful in p,rvonlinK .ho sproad of diaoaao 

,n,l in noikinn tin- work of tho onrotakor more aKic-alrlo. 

U.nUaiio„. n/«,c fc-„.orpr,V. - Bn.ls<- ro,pnr,.- 
must bo Eivoii oonsi.loniti.m in any i.uil.lmK cloMpn. U 
8 Dor cent of tho gross income is a fair charge for housing, the cost 

::: b ca. p: yo-. Tina wou,d probab,v pay on. for 



Fig. 37. 


-> 1 /( 7 ' 

An experimental poulto' house. 


hens or ‘‘'-Vh^d^'ro^peTctri^re 
desk house shown m h ig^3 P 

Hoor, if the quality oOons.met.on re.na.nrf tte sam^. 

cause a proportional increase m the cost required 

fore it seems that this design might come ^^'ltmn 

if the hens kept were good ■ ^y^^t cost of produc- 

It is, of course, essential m an> P . , returns are 

tion be kept as low a-s possible so long a.s^ - 

available. This does not it „ay mean that 

should be spent for buildings, o , tified The cost of pro- 

Bven a greater investment would be justiaea. 
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ducing eggs must be divided among the following items: (a) 
depreciation of the flock, (6) interest on the investment in the 
birds, (c) veterinarian fees, {d) feed, (c) litter, (/) labor, and {g) 
housing. From studies made on some 150 farms in northwest 
Missouri,! it was found that housing cost 14.5 cts. per bird per 
year, which was approximately 7 per cent of the total annual 
cost. This shows housing to be a comparatively small item in 
the cost of production. No doubt there are many cases where 
increasing the cost might improve conditions to a point where 
the increase would be more than offset b}'' a decrease in veteri¬ 
narian fees, saving in feed, reduction in labor, or, possibly, by 
an increase in production. * ’ 

Most poultry-house de.signs are made without regard for 
aesthetic considerations and, as a result, do not add to the 
appearance of the building group. The question of appearance 
is of minor importance, but it is nevertheless worthv of some 
con.sideration. A gable-roof building has .some advantage in 
this respect, but it may be that an irregularlv shaped roof can 
be tolerated for the additional advantage it brings in other ways. 

43. The Brooder House.—To secure the best results it Is 
necessary that chicks be hatched comparativelv early in the 
season. To a great many poultrymen this means during the 
late winter and early spring months. During this time tempera¬ 
tures are so low that artificial heat should be supplied. The 
general practice has been to build a brooder hou.se 8 by 10 ft. 

1 r on the number of chicks and 

It ‘“■P‘ ‘he brooder house (see 

t ig. 38). These houses are built high enough so that the attend¬ 
ant may work in them with ease. Brooder houses mav be heated 
with coal oil, gas, or electnc brooder stoves. Since the chicks 
are placed on the floor it is nece.ssary to supply enough heat to 
maintain a floor temperature of at least 90° during the earlv part 

Aided with a coyer or hood so that the high temperature needed 

r ode?" Suel ‘ h d ““ ‘he houae mav 

ran ba moved to clean ground a.s deeirc-d. 

Agr. Res. ^bJi. fl’sf Missouri, Vnis. Me. 
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j wKorP plpctricitv is available for heating. 
Outdoor Broodm.-w here ele t . ^ 

an outdoor brooder IS eometmes u d ^ment Station. 

was used for several and ceiling have a 

electric heating element, a, well *^;/“J;„,„„atie in oper- 
was controlled by a therrno. , unheated glass- 

ation. The oMckyvere allow „,.der 

rar^eX^ might have the bcneht of the ultramolet rays of 
the sun. 



Fio. 38. 


Common type of brooder 
house. 


Fia. 39.—An outdoor brooder. 


Chelter —During the summer season chicks 
44. Summer-range Svelte . g ani¬ 
on the range need some pro _ ^^j^^j^p^.,.ange shelter consists 

mals that prey upon them. Fig. 98). 

of a low building with and sides make the 

The roof furnishes .shade, and the «ire m 

birds safe from predatory animals attention. 

46. Storage of eggs IS a problem th..tsho^^ ^ ^^^ 

By observing certain Bv adwrtising this fart 

place high-quality eggs on the m»rk_ . 
i,e can usually sell at a premium. The egg 

several times a day and stole m a orevents deterioration, 

lumidity is high. The low ‘-P/- J ^.^aporation losses 
and the high relative humidity d«rea ^ 

through the shell, thereby avoiding shrinaag 
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rave designed to hold two cases, shown in Fig. 41, was built and 
fpsted. A 2-in. sand floor was moistened each morning. The 
ventilation system provided caused evaporation of water and con¬ 



s’-o- 


Fig. 40,—Summer-range shelter. 

sequent cooling of the interior of the cave. A cave or cellar or 
refrigerating unit may be used for egg storage if the conditions 
for temperature and humidity can be maintained. 



Fio. 41,—Two-caae egg cooler. 


The special egg-storage cave can be built near the poultry 
house, where it will be convenient. 
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Questions and’ Problems 

40. Explain the reasoning back of the, statement that “a farm poultry 
flock should be either 50 or 500 or more hens.” ^^^lat are the items that 

enter into the cost of poultry products? 

41. What are the requirements that must be considered in planning a 
laying house? In what ways can these requirements be compared to the 
housing requirements for people? 

42. What conclusions can be drawn from the experimental work on hous¬ 
ing described in the text in regard to humidity? Temperature? 

43. What is the purpose of the straw loft? K caretaker at a barn ex¬ 
pressed the opinion that bringing straw into the barn and scattering it 
over the floor made the barn warmer and more comfortable. Could this 

have made any such difference? Explain. 

44. Most poultry houses are designed for the caretaker rather than for the 

hens. Is this statement true? WTiat changes could be made to improve 
the environment for the hens? The average cow produces 34 Btu of heat 
for each square foot of wall in her share of the enclosing structure. How 
would a hen compare to this in the average poultry house? 

46. Is a poultryman justified in investing more than the minimum of $1 

per bird for a poultry house? 

46. WTiat per cent of the annual cost of the poultry enterprise can be 
charged to housing? mat per cent to feed? What is the average annual 
cost per bird for housing? A 50 per cent increase m the annual cost for 
housing would be equivalent to what percentage increase if applied to feed { 

47, What criticism might be offered of the present design of brooder 

hoxises? ^ ••_ 

48 What improvements are needed in the care of eggs m Missouri 

to improve their salability ? How may such improvements be accompbshed 
on the average farm? 


CHAPTER XI 

BUILDINGS FOR THE HOG ENTERPRISE 


Hog raising has been one of the most profitable of the animal 
enterpnses on corn-belt farms. The hog has been called the 
“mortgage lifter,” and in man^^ cases has been rightfully named 
as such. This enterprise has furnished a means of utilizing the 
vast corn crops of the Middle West in a manner that has been 
convenient and profitable. The market in former years dis¬ 
criminated little against size of hogs and would accept fat hogs 
at a premium. The farmer could carry his hogs along on a main¬ 
tenance ration and then feed them out when corn was available 
and the market suited him. Conditions influencing the enter¬ 
prise, however, have changed materially in recent years, and the 
present-day producer is confronted with problems that did not 

e^st in earlier times. One of the most important of these is the 
change in type of hogs desired. 


Because of the introduction of vegetable oils for cooking the 
n^rket for the lard hog has been materially decreased The 
efficiency of each hog producer has been increased in later years 

making possible the 

duction be considered if profits are to be realized ^ 

The increase in animal population on farms has introduced 
Pioblems of sanitation. hen hogs could be given a wide range 

ments. There are f.inr i- . ‘ ‘ housing require- 

hog enterp^ T, “ Ji'h "utd ifr'’'"''” 

followed on acme farn^ S Xt LZ'tT 

yju. inese larms there are central hog 
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houses connected to permanent yards and pastures. In many 
cases the poorest part of the farm adjacent to the building group 
was fenced hog-tight and used as a hog pasture year after year. 

Many farmers having this kind of setup hav'e improved upon 
it by rotating their hog pasture from year to year. If pigs are 
farrowed in winter the central house is thoroughly cleaned and 
the pigs kept in the house until such time as they can be moved 
to clean pasture. In most cases the sow and pigs are hauled to 
their new location to prevent their becoming infected by crossing 
yards or the previous year’s pasture. Individual hou.ses are used 


for shelter in the new pasture. 

A few farmers are having considerable success with a plan of 
management known as the confinement system. The central 
house and adjacent concrete-floored yards are thoroughly cleaned. 
Pigs are farrowed, and the sows are left in the house vnth the pigs 
until weaning time. The sows are then removed, and the 
pigs are confined in these quarters until ready to market. The 
house and the adjacent concrete-floored yards are cleaned at 
least once a day and scrubbed at least twice a week. 

Still another plan, known as the McLean county system, requires 
an individual house for each sow, and the house and sow are 
moved to the pasture field before farrowing time. The sow and 
pigs are kept here until the pigs have pa.ssed the period when 
they are subject to infection and then placed in the regular yards 

for fcodinff. 

47. Objectives in Planning BuUdings for the ^og Enterprise. 

After the svstem of management has been .selected the buildings 
can be planned best to meet the needs. The mam objectives in 
planning buildings for the enterprise are comfortable conditions 
for the hogs, convenience for the operator, and a ousing 
that will be in keeping with the income from the cnterpriso. 

The exact limits of comfort for hogs are not w'lil di fined, b • 
g(>neral practice in the industry has e.stablished some o«eful m o - 
Ltion. It .seems that the limits of tc-perature humidity, 
and air movement are about the same as for poultr>-that u, 

in winter a minimum of 32°F. in still air, to a 

In summer, with no limitation on an- movement. It i= true tha 

hog,s will not be exnetly comfortable at or near theae extremes 

retapied or health hnpah-ed by theae oond.tmna. Kelatne 
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humidity of 50 or 60 per cent is desirable, x^ith an allowable 
\ anation above and below this of from 10 to 15 per cent. Floors 

maltrT^I "h3' capillary moisture from below, built of 
aterial that can be washed at intervals, are essential for comfort 

i Mhrbundt i humidity by changing the air 

he building takes care of the problem <,f air purity in most 


north 



This diagram will be uslfldhf determinhig th'"* different dates and hours 

?o7:trt"ud*ror3Vrg 

to be lowered or raised one foot for ^ache'deV'" f "Endows would need 

locate the corners of a window pattern on i north or south To 

sun s rays can be found from this chart K horizontal angle of the 

pves the length of shadow for 1 ft of h ' Protractor. The diairram 

de^rmine the actual locaUon height of the wi^lt Jo 

Sij^SHSSSSS'SS 

placed near the oeUing or in the "“'‘""a have often been 

night, wdll be the ckZ low '"‘h ahuttern at 

aaoured from the reiativelv few hoT^'^f '"'“fita 

nanter may be offeet by uncomfoH hi day in 

■nnnh need for direct *un.,hi„e in .S tuee; iXTlh T" " 

> lart, the house will 
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probably bo more oomfortablo if sunsbino is cxcludod. Hoio 
the shutters could bo us.>d a^ain to advautaso. Tlio sunshine 
deficiency for the winter period inisht be made up in the food or 
by a special sun pen provided to enable the pigs to get the sun¬ 
shine needed without interfering with other objectives in design. 
Adequate lighting, natural or artificial, must be provided for the 
operator, but his requirements will not be enough to cause diffi¬ 
culty in design. 

A method has been devised to determine the efficiency of the 
windows in supplving sunshine on the floors of the pens. To 
compute the sunshine efficiency of any hog hou.se, the area of 
the sun patterns on the floor at 9 A.M., 10:30 a.m., 12 M., 1:30 
P.M. and 3 P.M. was determined (see Fig. 42). The average area 

divided by the area of the glass gives the sunshine efficiency. 

The farrowing period presents the most exacting requiremen s 
because of the fact that the heat production in the house is less 
(there being only one sow in each pen) and the heat reqmremen 
are more at this period. If stock hogs are to be kept in the 
house after the farrowing period the ventilation system wall 
need to be made large enough to meet the needs, with some mea . 
of reducing the rate of air change for the farrowang period. 

Convenience for the operator can be included in the design o 
best advantage by giving consideration to the ^ 

operations to be carried out. The operations requiiang the most 
time and energy should be given the most important m 

the planning. Cleaning is one of the important chores. If the 
enterprise is large enough so that a load of manure is salvaged 
with each cleaning, it may be advisable to provide ^ 

servace alley wide enough 

1 /..- TTnwpvor the tendency to proMde a nignei g 

Ex 

r„':Sio" InnaTin'. XX Irf—b”the linte- 
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nan«* of teinperatun-i« al)ov(* fn^zing will rodun 
rlt^ning the floors. Projx*r design for drainag* 
are wasiied L> also important. 


the work of 
when floors 



IsoMiT/ctc V/etr 


t 


>1 



L0N6iTU0JNAL section 

Jkj. 4;j. .\uUMnmtic ho» waLerer 


Fe,.,J,„^ an im,w,rtant item in chores connected with t. 

mav conM-t ‘a should Ik- provided. The 

W haiever it m..- k.' '"'-'‘"K. ‘‘‘toking. or soakimr. 
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and conv<*ni<*iit arranK«*mont of kaiv* and equipm«-nl. 

Ix' ground in comparativply -mall quantiti«< prrvpnt 
sjK)iling. Soaking groin or making up -lop fwd*» mu^t of dpwi*- 
nitv lx* a fnMjin-ntly n‘jK-at«*d rhon*. If matpr L- pipod into thi- 
pnM’CK-ing nxun and biiL- and mixing tank.- arr made convpnimt, 
much undesirable work can b<- avoided. 

Consid«'rable amounts of l)f‘d<ling are u-s-d in thia enterpriae. 
and storage' space in the building or imm«*diat«ly adjacent to it 
will be very desirable. Kunning waU*r in the building U> ewwn- 
tial, and connection.- to eai-h {x*n may be di-sarable. .\n auto¬ 
matic frost-pro<jf waten-r in the hous** will be f-'p^yially helpful 
when stock hogs an* conhned then*. Si*<' Kig. 101 for such a 
waten’r built of concn*te. 



Fig. 44.—Eart and want type* of bog b<»u»e. €>■• row of pena. 


Pen partitions and gates should lx* planned to lx* convenient 
for handling the sows and pigs. Partitions should be removable 

to serve best when the hou.se is needed for stock hogs. 

Co,/—If a house were built to meet the nMiuirement- ^ the 

enterpri.*=e and if good methods were a-ed, it -“ems that $75 
pen would not place too great an annual charge agaia-t the 
enterprise. Assuming that the structure would ^ 

ijeriod of 40 vears. the annual cost per pen would 
per vear. upkeep, interest, and amortiration included^ This 

would make a charge of 25 ct-. per hog if two litters of eight were 

raised each year. . j- 

48. Types of CentraUzed Houses.—These may be dnTded 

into two general classes based on orienUtion: the ea-t ami 

and the north and south tv-pes ^ome tarmerv prefer a e,ngh-p.« 

arrangement of pens. Too eomm.m t>-pes of ngle.ro* hrm— 

are shown in Fig. 44. 

4Vhere two rows of perns are desired and where the ' 

west tx-pe of house L- used, the three designs shown in Fig. 4o 

LToftT used. Figure 45o is called the ^ 

This tvpe is better for the Xorthem part of the I Stat^ 

IxH'au.*^ the upper row ..f wind.ovs need not lie placed higl. 
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to secure sunlight in pens as is the case farther south. The 
principal objection to this type of house is the excessive loss of 
heat through the mndows. Heated air from the hogs rises to 
the top of the budding and is dissipated through the glass. The 
comparatively small amount of heat available is soon lost and 
temperatures necessary for comfort are difficult to maintain 
The house shown in Fig. 456 can be made lower than the semi- 
momtor type and offers some improvement in heat conservation. 



(a) 





(b) 


(c) 


F,o. 45.-Ea8t and west types of hog houses. Two rows of pens. 

Figure 45c shows a house in which the ma.ximum use of th.. 

traU in Fig 46^ S”'’ ““ 

n.g. 46a. There are some objections to this design 



/ Roof 
windows- 


Feed and 

bedding - 




(b) 

Fio. 46.—North and south types of hog houses with t 

type; (6) gambrel-roof type; (c) NebrJIL'^'typJ!^ 

because the ^vnndows are nlaced in tba c ^ 

ture difference between inside and outside winT 

The windows on the west roof slnno ^ greatest. 

increasing the heat loss at a time w^enX'’h"^ T 

served for comfort Another must be con- 

during the day half the ^vindows^^WllbVraJ^^- 
that has iotver side waiis thrii^b,-rdr; 
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mav be built ^^4thout inside supports. A hog house developed 
at the Nebraska Experiment Station is illustrated in Pig. 46c. 
This plan provides a straw loft that has three iunctions; it fur¬ 
nishes insulation, it may absorb some moisture, and it furnishes 
a convenient location for a supply of bedding. It does not give 
as good distribution of sunshine as some other designs but may 

provide other factors of comfort to better advantage. 

Ventilation of the centrahzed house is difficult because it is 
often not possible to secure sufficient height for the outtake flue. 
These buildings are made as low as possible to reduce exposed 
area, and unless the flue can be built into an adjacent building 
that' has more height, it will be necessary to build it up above 


f Utter Carrier 


§ 
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1 
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FB 
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Fig. 47.— Combination hog house and storage builchng. In ' 

ereater height for the ventilation flue, it is located in the storage buildi 


the Structure itself. Figure 47 shows a plan whereby a hog house 
is built adjacent to a feed and bedding storage biulding. 1 he 
outtake flue is in this structure where greater height can be 
secured. If the flue is well insulated it will function when con¬ 
nected to the hog house at the floor level. . 

49. The Individual Farrowing House.—The indmdual 
romng house must be built to meet some very definite reqiure- 
ment,; for instance, it must bo built ao that rt can be mjed 
from place to place with ea.se (they are commonly mounted on 
skids) It must be built so that it can be opened up and sunned 
at intervals; it must bo so designed that it wdll be easy to clean; 
ft Ist be Strong; and it must be low in cost. These require¬ 
ments demand that good nailing and high-quality workmans ip 

and material be used throughout. .4 certain 

and twisting accompanies the process of moving, especiallj oi 

““ni’oTZe illustrated in Fig. was developed by farmers 
in northwest Missouri and is preferrerl by slockiiien in that state. 
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It furnishes protection for pigs under the long sloping roof. It 
is coraparati^•ely low, limiting the exposure and making tempera¬ 
ture control possible. The wall door is on the lower right-hand 
side of the south end, and the roof door is on the west end of the 
south sloping roof, thus making it possible for the attendant to 

dean the house vWthout getting inside. The house shown in 
i-ig. 48c has a similar arrangement of doors. Figure 486 illus¬ 
trates a house that has a door section on the west roof to aid in 

the cleamng process. Ventilation is secured through a small 
opening in each gable. 




Fig. 48. 


(a) 

Individual hog houses: 


Sou+h End 
(b) 



(c) 


^“tioTroid^'^ ^ wmbina 


r “ r “ ri:; 

hose Llnected^o'fiiri " "'-^er tank having a 

feed and bedding space'"" OneT’ ^ and 

minimum of time and labor A ^ a 

to a barrel makes a very good t^em o7w "t 'vaterer attached 

Questions and Problems 
ment. Wil^this^ro^birbetnleln 

oUs increases? ^ ^^ture if development of vegetabL 

explainmg the L^sentSTatme^ofeach"managing the hog enterprise, 

VV.. are 1^77“ 
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62. There is a general belief that a great many hog houses are uncomfort¬ 
able during t>0 per rent of the year in order to get a few hours of sunshine in 

the pens at farrowing time. Is this true? Explain. 

63. A good central farrowing house should have everything that will be 
needed in taking care of the hogs. Wliat will this include? Is it practical 

to meet these requirements? 

64. Give the good and bad qualities of different types of hog houses as to 
orientation, heat loss, ventilation, and convenience for the caretaker. 

66. Describe what you consider to be a good ventilation system for a 

central hog house. _ * - j- j i 

66. What are the principal difficulties encountered in using the individual- 

house system at farrowing time? Why has this system been adopted by 
such a large number of farmers? Describe equipment and practices that 

will decrease chore time where individual houses are used. 

67. What are the building requirements for the confinement system of hog 

production? 
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The cost of such a beef-cattle barn need not be quite so great 
as for a barn to house an equal number of dair>' animals; the 
actual amount that should bo expended will depend on the value 
of the cattle being produced and the consecjnent annual income. 

Housing for feeder cattle presents fewer problems than for 
any other animal enterprise on the farm, feeder cattle are fed 
as much feed as they can consume economically. The assimila¬ 
tion of this feed and the body covering built up as a re.sult enable 
these animals to wthstand exposure much better than those on 
a maintenance ration or those using the feed for other purposes, 
such as for the production of milk. A reasonable amount of 
exposure to the weather may sharpen the appetite of beef 
animals, thereby causing them to eat more and consequently 
to make greater gains. Several years ago an experiment was 
conducted at the University of Missouri to determine the housing 
needs for feeder cattle. The test cattle, two-year-old .steers, 
were divided into three lots. The first lot was placed m a barbed- 
vHre enclosure for the winter; the second lot was given access to 
an open shed; and the third lot was housed in a warm barn. Ihe 
first group made the most gain, the second group the most eco- 
nLLl gain, and the third lagge-d behind in both the amount 
areconomv of gain. In addition to the benefits derived from 
the open shed, saving of time in getting the stock 

on t-ith verv little warning. The cattle caught in the field «ere 
“1 wherei all those that reached the barn came through m 

*“ 2 'TrL for Beef Co»s.-Figure 49 illustrates a barn that 
is designer! to hold all the hay that will l)e needed to feed the 
cows and calves housed for one season. The '“F « " 

Snder is’to be placed in the central alley and the tractor Ix^ed 
^ it through the door. Ground-feed bins “ 

Stir “;r.r,f 
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animals housed. This plan of management may save time in 
the harvest season, but it requires more time for hauling feed in 

the wdnter. 

Where cows and calves are on pasture it is the itsual practice 
to give the calves some extra feed, figure 52 shows a self- 
feeder and pen arranged with gates that permit calves to enter 

but that exclude cows. 




Sa/et^ 

straw bedding 

'Straw 


r- i;n Him for beef cows and calves with center storage for cut or loose 
Fiq. 50. Uarn lor D y iJvoatnnlc &nd for out andlooso 

hay. The two barns have the same capacity for livestock ana 

hay, respectively. 

In designing nhedn for beef rattle it in ''7 

24 to 36 in. of manger space per ammal and from 
of floor space, depending on the size of the animals. n 
barns 2 sq. ft. of glass per animal is sufficient for the convenien 

of the caretaker and the comfort of the animals. j„„„ribed 

beat type of buillg for this enterprise. This shed should open 
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to the south, and the other sides should be made tight to prevent 

Qrdii ts. 

Figure 53 shows a plan that was worked out to meet the needs 
of a cattle feeder in central Missouri. On this farm the hay was 





Fig. 51.-A barn with limited feed-storage space. 


had heea uaed. The 



Fig. 52. Creep feedin 


g equipment for calves. 


tte feeder oTemfens'' IhedsTpt' 

*.d .ea, roe ea«,e f LT 
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troughs should be placed inside the sheds if possible, since they 
will be easier to take care of in the cold season, and the stock 
can drink without being exposed to the winter winds. 




Fio. 53.—A barn designed for a cattle-feeding enterprise. 


On many farms a l.uMing is provided in the ^ 

furnish shade in summer and perhaps some protection for 
stock in winter. Roughage is stacked in the yard near the sh , 
and concentrates are fed in open troughs. Figure 54 show. 



Fio. 64.—Open shed for cattle. 

such an open shed. When this type, of building is contem¬ 
plated, thought should be given to feed storage and feeding 
problem.s. This shed furnishes only a part of the housing require¬ 
ments for the enterpri.se. 
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THE SHEEP ENTERPRISE 

63. Sheep Barns.—The building e<iiiipnient for sheep raising 
mil de^nd on the climate, the extent of the enterprise, and the 
time of the lambing season. In fairly warm climates, where 
eues are bred to lamb late in the .sea.son, open sheds may be suffi¬ 
cient to bring the flock through successfully (see Fig. 55). If 



' Chimney 



I- lo. 55. 


Floor Plan 

CIpen shed for sheen w-ifh 

P’ warming room attached 


•■arly lambs are planned for a lamhin. .t j 

at least, «i|| be necesaar^■ If or warming room, 

and sleet and provided »i,h dry Zorthere Z 

and protection from heat in summit although shade 

n «’^mmer are e.s.sential. Wood strips 
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or wire iiailerl on the undersirle of the rattors ainl the .sparr 
between parked with straw furnishes insulation that will promote 
comfortable conditions in both summer and winter. Sheep 
barns should be located so that th.w can be reached easily because 
of the early and late chores connected with this enterprise. 

On farms located in cold climates, where the raising of sheep 
is an important enterprise, a closed barn is advisable. An ade¬ 
quate system of ventilation is essential to keep the air dry and 
fresh. A warming room to be used in getting lambs started is 
ad\’isable, but the remainder of the flock will usually not be 
benefited by supplementary heat. Figure 56 shows a barn 
planned to house the sheep enterprise in a section where the 
climate is severe. A New York single-stack ventilation system 





Veni 

1 /Shepherc^ /"< 

oort 



Si/o 


Fig. 5ft. 


A building furnishing complete housing for the sheep enterprise. 


provides three air changes per hour. Pen parUt.ons and mangels 
are removable so that the barn may be dmded as the ne^ anse 
Space is provided for 50 tons of hay, 200 bn. of corn. 100 bn. ol 

oats and 80 tons of silage. 

64. Dipping Vats for Sheep.-Where the sheep enterprise on 

a number of farms is not large enough to ivarrant each farmer. 

providing dipping equipment, a portable vat is recoin ^ 

The cost to any one farmer in the group using 

be small and this essential service will be available. ■ ■ 

west Plan Service' has prepared a plan for a J 

vat for hogs or sheep. The size of the sheep or hog enterpns 

will determine the advisability of Installing such equipment. 

Questions and Problems 

M, Di.c„» the different type, ol beetw.ttle t'Jp'St' 

,„ent. needed for each. How do the* eomp.re nith the cia.r, ent 

' A farm building-plan service prepared by 15 Midn c.'cni 
nniverS. and the Bureau ol Agricultural Engineer,,ig ol Ihe 1 .ff. Dep.r, 

incut of .Xnriculturc. 
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beetc.u^rdX*’'^ ‘ O' 'b,. 

r^e^CT, °bXr ““ '« - 

e.«le.ftirenCii"sh™„ 53“ fL te b ™ ‘‘'“fr"' 

Storage shown in Fig. 51 . g • or the barn with limited hay 




CHAPTER XIII 

WORK-STOCK AND GENERAL-PURPOSE BARNS 


BARNS FOR WORK ANIMALS 

The sanitary requirements for structures in which to house 
work animals are not so exacting as those for the dairy barn, 
but the need for convenience in doing chores and in handling 
the stock and equipment used is worthy of study and planning. 

66. The conventional type of barn ynth. hay and bedding 
stored in the second floor is the most common (see Fig. 57). 



As in the case of the other barns, the animals 

m saJes time in feeding but 

divide them at stabling time. It is Tarn 

is used on different animals, and the work of cleaning the ton 

and disuosing of the manure is made more difficult. Facing 

Tck oTTom a central service alley shows the animals to a 

'better advantage and makes the operations 

raring for harness, grooming the animals, and handling 

teams a little more convenient. wagons 

Since certain eipiipment is u.sed wi i ^ 
and spreaders, it seems that such equipment might 

lift 
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advantage in the same building >vith the l,„rse«. 1„ many „f 

- ~ ■XV“,r=.;- -r.r.;. 




p .. eo'-o’* _- —~ 

horse barn and maTh-'* '"^«‘“nery-storage building 

for 6 homes, 250 bu. J*®"™ ‘s provided 

10 tons of bedding. ®f hay and 

spreader and one wagon, and epMe*for\h* '“'®, f®' the 

beddmg are stored on the ir„„H n ’’“‘‘‘“"S' Hay and 

horses should be built rvith doubfe tlT’'^ 

"alls, the remainder should 
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I>e rain- and snow-proof but does not need to be insulated. 
Where the raising of horses or mules is one of the enterprises on 
the farm, a different type of barn mil be desirable. With a, 
rhange in manger design, length of stall, etc., the beef-cattle, 
barn in Fig. 49 could be adapted to the needs of this enterpnse. 

Since horses are given more liberty to move about in their stalls 
than dairy cows, the necessity for special design in sta,ll and 
manger is not so important. A standard stall can be used satis¬ 
factorily in most cases. Single stalls are usually made 5 ft. mde 
and double stalls vary from 8 to 9 ft. in vndth standard height 
for mangers is 3 ft. 6 in., with an inside width of 2 ft. Ihe stall 



Fio. 69.—A Btaiidard horHt* stall. 


o fi Floors in standing stalls 
lewtl., manger, . 9 ft JJoon 

should be of wood planks o „ , Q ft make a good 

„„ <-o,i,uete with a slight slope, usually m. ’ of brood 

tor each hornc la placerl on pegs l I 

Horae to wlrlch it ia hue,!. In he heat 

back of each atall partition .. ten ...a,ah 

pla..e to store the harrreaa, Imt the aavrng t , 

la. of greater iinpori.an.-« than the nrore rapni .tetem 






UnHK-SKH K A VI, ChSKHM^rrHI'oSK HAHSS \ |.) 
a*, a rafrh-all for nfhpr things 

67. -ra. g.n.r.l.p„rpos. bam i.« Ihr (y,«. „„„| „n « gm.it 
.iianv .M,.l»cmni |, i« like ,„|„,r |,je,.e of enuii, 

mam that ... pl,n„e,l to aan-e a eoneral pttrpoae; it cannot be 
deal tn averf Tha Banaral-pnrp J |,am on Tmallar 

ami.s, e«^>e,MaJly, is pianninJ to house hon^s, dcHiry rows and 
..H,.,. law cattla, ho«a, and aheap. ,f .lain-ing i a ^rim-ipa 
-farpm-.. on tha farnt. it ahouhl cartainly la. n,ova,l out of tita 



i lo. tio. Gen^aJ-pm-p^^ b«ru 

“rh^inZ •» -viton. 

they should l,e provide«J (luarteilJT^f 

leaves the horse. lx?ef cattle Hn 1 k needs. This 

purpose bam. ’ * ^nterjiri.ses for the general- 

^ :::r. : ~porp.^ bam to 

divnaon ..ll, latiu i„ ^ Dm‘e„t\ ^ «.lid 

< -n a nnmhar of mtall f,™,Z ho Tc ““' atnent. 

aombinad in If .Zht ' 

■1 l«,-mn than, tha praati^ i, pT^f m“ 

• h«i. o( thi. tvpa. “ P^™‘»«Wa Figure «| ,howa 
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LIVESTOCK AND POd/TRY Bl ILDiNdS 


“A liresafo, labor-saving livvsb)<*k compound shown in 
()2 and 63 was designed by E. b. Hansen of the Portland C ement, 
Association.' A part of his description of the structure follows. 




Fig. 61. —General-purpose barn for small farm 

On many general farms ^ve find dairy cows, hogs and PO'^'try; on 
others beef cattle, hogs, poultry and perhaps some dairy cows. e find 
that many feeds are common to all animals. 

fed crass silage Protein supplements are common to all. Some teed, 
are grounrand mi.xed with others. This being the case, a common 



feed .tora.e and room for mWna ia deeirable to utjta the aanre equip- 

buddings makes 

. Agr. Em- -T; Vol- 25, No. 11, p. 417, November, 1M4. 
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p- ' 


fire .safety, which in turn inake.s it )K>.ssil,lc to 
lor mti efficient njienition. 


Liquid 

^onure 

cisfern 



‘TZT, 

*" tl'-re .ire 

m.- riu, »Jl, 1^ *'"■ P'lT'lW! of tlv„; 

l-'WK- and foundation n ail-1^. i« n.,|„irt,d for 

ninnin* to „„i,"■'luire.l to provido 

are rpno d;H^rri, 

... .. 

-a ..... i. 

‘^ne .sy.stt.„i for all livesto< k 
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5. Work simplification; knowing the requirements for any par¬ 
ticular farm it is possible to plan a layout for maximum efficiency. 

6. Less land needed for the farmstead. 

7. Choi*es can be confined to one building. 

To illustrate some of these advantages, the plan shown in 
Fig. 63 has been prepared. It proAudes for 10 cows, 2 pens, ami 
a milkhouse, 10 sows, 100 hens, with central feed storage and 
paved yards for animals. When this plan is compared to the 
standard method of hou.sing different enterprises m separate 

buildings the following is found to be true. 

1. There is 60 per cent less outside wall area. 

2. There is 37 per cent less total wall area. 

3. There is 50 per cent less material in footings and foundations. 


Questions and Problems 

63 ^\■hat are the essential features to be considered in the design of a 
building for work animals? What are the arguments m favor of combmmg 

the machinerv-storage building with the work-stock barn. 

64 What are the essentials of a good stall for work stock? Por saddle 

*'°r6'’w'hv is th» geneml-purposr har., » ai.Wy uml in Mi.a.a.ri? Wl.al 

this type! W0..1.I you prciic. au incre.a.. oa . docro.so 

wLt and dia.dvan.agea of ,hc livaatock aon,- 

pound? 


PART III 


Air-conditioning Farm Building 


s 


CHAPTER XIV 

heat : ITS MEASUREMENT AND TRANSMISSION 

To air-condition any building is to bring air in it to tb« 
temperature, humidity, degree of nuritv ^ 

to provide comfort for thp nr. i ^ ^^iiount of motion 

To becomoTamrnlTwkhT ■ '■“‘'’“’d- 

ing, it is first necessary to knn 'if""®™ P™blem of air condition- 

|ts movement through different mediums Sea, h t “T'* 

theories as to the exact natnrf f ^ substance. Modern 

or agitation of therol^j^ ^ motion 

Every substance contains some hea/^ ^77 ^‘'"^Posod. 

“cold” means simply that it contaf' that a body is 

of heat (molecular motion) ^ atively small amount 

68. Measurement of Henf_ t,. 

factors to be considered- intPnJ there are two 

and amount. A small piece of whh^^-h of transfer 

so great an amount of heat as a naii° contain 

uient of intensity, or tempe^tiro t ^hemeasure- 

^cale, such as that on the Fahrenheit on some arbitrary 

The quantity of heat must be mea*^ 

produces on some substance The 0 ^ // it 

engineering practice is the BriUsh th^r 7 modern 

symbol Btu, and is the quanriw of w ‘^e 

temperature of 1 ]b. of^ater l°P ^ w raise the 
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this rrpard, but tlic Btu is the unit most generally used. It is 
defined as the 180th part of the heat necessary to raise the 

temperature of 1 lb. of water from 32 to 212 h. 

In the field of nutrition, the unit most commonly used is the 

calorie. The calorie is the amount of heat required to raise 1 g. 
of water 1°C. Biologists use a unit called the large calorie or the 
kilogram calorie. This unit is equal to 1,000 cal. To change 
large calories to Btu, multiply the number of large calories by 

3.968. , u 

Heat may be transmitted in three ways; by radiation, by 

conduction, and by convection. 

69 Radiation.—Heat is transmitted through radiation by a 

motion or vibration of the ether that is believed to pervade all 

space. Radiant heat follows the same physical laws as radiant 

light traveling in straight lines. Heat shadows may occur just 

as light shadows do, and the intensity of radiant heat is inversely 

proportional to the square of the distance from its source. Some 

substances are transparent to radiant heat; others are opaque to 

it. Radiant heat does not affect the medium through which it 

pa.sses. For example, the atmosphere is not perceptibly arme 

bv the sun’s radiant heat transmitted to the earth. 

60. Conduction.-If one part of a body is at ^ higher tempera 
ture than another part, there will be a flow of heat through the 
body. The transmission of heat in this manner is known as 
conduction. A familiar example of tWs phenomenon is the flow 
of heat along an iron bar, one end of which is h- ^d 

siderably. x^Ietals are the best conductors of heat; such matei lals 
as wood, celotex, and other insulating materials are very p 

"ef Convection.-When a body is in contact with a fhiid of a 

lower temperature, the envelope of fluid f 

becomes heated. As this fluid -vdope is heat^^^ its^den^b 

decrea.ses, and it is forced to ri.se, gn created and main- 

from below. A continuoas curre . process of heat 

uansfer U called comecUon. The essential 

at the surface of contact. Heat transmission from a fluid o g 
to a solid may lie accelerated because of convection. . 
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.t !:r ‘ 

in density and fall - • • i’ iieat, increases 

prcKi'C 


rYe//ow pine 

^"/>4 


ward current. Convection cur¬ 
rents cause excessive heat losses 
through poorly insulated spots 
in a room, especially if these 

poorly insulated areas are near 

the ceiling. 

62. Heat Transfer through 
Separating Mediums, —The 
transfer of heat through e\'en a 
single sheet of material is a com¬ 
plex process. It involves the ab¬ 
sorption of heat on the surface 
of the material, the conduction 

of heat through the materi¬ 
al, and the radiation of the heat 
from the surface into the cold 
air (see Fig. 64). All these proce.sses resnU • 

ance to the transfer. The greater thp ‘ ^oss resist- 

.t of frr:! “mbi„ed, 



Fig. 64 


Oaisicfe 
femp. 0 

» ’“■ ^^^perature 
airmen separator with 

'3 r» 

wouia De no temperature droo at fho 




alls made from 



‘^•vtfrai amerent nflrf« • 

i-ula,i„g value t be 'e Sr »f ‘hei, 

’ " “f “ wan, tht elSct of aZ 
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tion and radiation is reduced to a minimum, and the heat transfer 
is dependent, quite largely, on the conducti\dty of the material m 

the wall. 

63. Special Methods of Providing Insulation.—1 he 1 hermos 
bottle makes use of two methods of preventing heat transfer. 
Radiation has been reduced by silvering the inner surfaces of a 
double-wall bottle. The air between the two glass walls has 
been removed, leaving a vacuum that reduces conduction to 
a minimum. There is a slight amount of conduction through 
the glass at the upper end and through the cork itself. Nearly 
all insulators secure their effectiveness as a re.sult of the large 
number of small air cells incorporated in the material so that the 
heat must be radiated and absorbed. Glass and rock when 
properly manufactured to contain numerous air cells make good 
insidators, even though the materials themselves haie rath 
hiP'h ooeffici6nt.s of conductivity. 

64 Computation of Heat Losses.-Not only must the designer 

understaTd how heat is transmitted through different medmms 

" " "ranY" sXeand internal 

conductivity coefficients. 

U t "fS*! s—Yulfto the reciprocal of the sum 


■The conductivity coefficient 


Table 20. 


.Coefficients of Absorption and Radiation (K) 


Material in surface 


Aluminum paint 
Brickwork, dry 
Building paper 

(Vment plaster. 

C'oncrete 1-2-4 mix. 

Corkhoard 

Cilass. 

Ijcad paint, black, fiat 

liCad paint, white. 

MagncHiji lamnl 

Sheet asbestos 

Wood 

Zinc, galvanizing 



Ko (15-mile wind) 


.500 


2.37 

4.70 

4.70 

3.12 

4 37 
4.20 

5 04 

3 26 
3.04 
4.87 

4 70 
4 70 

81 


1 


. r. ......... 

K l.v 2.2g; i.. a mmA. !>> -.«<•. 

•Bl-iiiile wiii.l. t..V 3.112. 
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of .ho rooiproonis of all .ho indivir|„al surfaoo oooffioio,,,. K and 
mfornal oooffinon.s C affor.ing .ho .ransmi.^ioo of hoa. 
a dos 20 and 21). (Tho rooiprooal of .ho intornal ooMd.lo.i^■it v 
oofficion. ,n oaoh o,u=o mus. |>o mul.ipliod Uy i,.. fhirknoKs i„ 
mo los.) ho vahio of f ’ is oxpro.s.sod in H.u (,f i„.,p .ran.smi..«-<l 

per hour por square foot of wall per degree (Fahrenln-i.) diffen-nee 
n tempeiaturo. The formulafor f'fordifTerent wall o.ms.nie.ion 
rs usually expressed in the f<,rm shown in formula : I). 


I'ahlk 21.—Inteknal Com,i Cok 


Matkrialh 


FTiriK.VTs For l)irr£:KKVT 


Material 






I 


t; so 


^ IK) 

0 :n) 

H 00 
« 30 
2 35 

0 (M) 


0 »3 


0 
0 2fi 

0 784 
J 00 
0 27 
0 41 
0 70 
0 41 


1 13 
0 4.'i 
0 28 


Asphalt shingles 
Brickwork, dry 

( ork (hoard or Kround). 

CVment stucco. 

(’oncrt'te 1-2-4 mix. 

Tinder-concrete 1-2-4 mix 

^ 'lay tile, 8-in. hollow. 

TJass, single . . 

(ilass, double. ... 

Tlass, triple. 

Insulation hoard, average 

average 

l^ne, wliite, across grain 

•'ine, yellow, across grain 
hock wool. 

■Sawdust, ordinary. 

•Straw, cut dry , , 

■Shavings, ordinary 
■Sheet metal. 

Wood lath and lime jdaster 

l/c. „( ■ niBl.ri.1 « 

lien 1 . ^vrn 

...... 

■■' ‘he .be valuee j' 

values in the fonnula ' "“bstituting the jiruper 


2 (X) 


I 20 



(1) 







128 


AIR-CONDITIONING FARM RVILDINGS 


where A\ = the surface coefficient for inside or still air. 
X = the thickness of the material in inches. 

c = the material coefficient. 

A'o = the surface coefficient for outside air. 

Substituting, we have 

1 1 _ 


U = 


J_ 

1.4 


2 


0.784 "*■ 4.7 


r " 0.714 + 2.551 + 0.213 


= 0.288 


The formula for U for the double waU shown in Fig. 65 would be 


U = 


1 


E + ! + ]5 + E + "' + 


\ 

k, 


( 2 ) 


If the wall is of white-pine boards M in. thick, the value of V wonl.l he 


u = 


1.4 



3 ^ 1 1 , 

/4 j_ t _1_ 

0.784 1.4 ^ 1.4 ^ 


JL+-L 

0.784 ^ 4.7 


= 0.234 


Computation of the heat loss through the ceiling and roof of a 
house requires consideration of the fact that there 
separate and distinct parts having different areas ^ 

the heat must pass in escaping from the house^ 
formula for such construction is suggested m Heating 

Ventilating Engineers’ Guide.” 


Uac = 


UaUc 


(3) 


Ua + 


R 


where U 


ac 


conductivity coefScient for the combmed ceding 
and roof constmetion in Bin per hour degree 
in difference in temperature per square toot of ceihng 


£7, = wSghted condnctWty coefficient tor the roof and 
gable ends combined. 

U, = conductivity coefficient for the ceding. 

D _ rntio of roof to ceiling atrea. , 

In some cases the roof area may be equal to the ceilmg area, an 

the formula becomes 


U.C = 


UaUc 


(4) 


Ua + Uc 
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The formula in this form may be used also to compute conductiv¬ 
ity coefficien s for units, walls, etc., composed of materials whose 
values are known and the materials placed in such manner that 
escaping heat must pass through each of them 

1 ^ ‘‘Wempt will 

be made to list the values of U. They may be computed or 

taken from a reliable handbook. ^ 

Questions snd Probleins 

67. A number of all-metsl houeee have been built in the Soiitb Ts. 

lined with “etoe, Sa iT f' ‘he inside is 

value olUlor the wa"? ' " bo the 

the vlilTe TvT' " hat would be 

quite open, resulting ZpmtfcaUroutrde'l *"'* *"'* ‘be attic is 

of lath and plaster on iL Me ZthTSconsist 
weatherboard on the outside. The owner ®heathing, paper, and 

ment in tnsuiaiton over a period of f} distribute the invest- 

first. «ieond, and thir7year? "'b“‘ ’beuM he do the 

ro:i;^:prid' :y7rs ztd* r 

water. What would be the vafue ft atve Srrrf "Br rwli:; 

long ™?waZa7'' "d ‘'7’ “ «> b'- 

milk are placed in the tank the water le 7- ^ans of 

If the milk is placed in the’tank of a t ^ wall.s 

« «-F.. when the onZde '“W. and held 

required m a 24-hr. period? (NeglecTthrIn I be 

a specific heat of 0.87 and weighs 8 b ne 

of ice IS 144 Btu per pound l^e^t of fusion 


CHAPTER XV 

THE ENVIRONMENT FOR COMFORT 

66 Reaction of the Animal to Environment.-From the point 
of view of the physiologist', a comfortable environment is one in 
which the body temperature can be controlled by physical means. 
These physical means consist of diverting a greater or lesser 
amount of the blood to the surface or away from ^^ej^urface 
the bodv temperature needs to be lowered or raised In the 
case of sweating animals, the production of sweat on the body 
surface and the resulting evaporation serve to lower the bodj 
temperature. A need for an increase in body temperature . 
shown when the hair or fur coating of an animal stands up 
making a thicker protective covering, resulting m a reduction of 

—- ir r; e... o,. 

through the respiratory system. Humidity on Comfort.— 

The effect of moderately warm hum.d a,r B ^ _ 

temperature than ‘"he evaporation that usually 

r rf . - - - 

reeultiuK of Juno without realising just 

temperature, other - so d^ 

In Llity, it U the condition of 

. Knesr,, F,. S., '•Mrehsnir. ot the Hnu.eh,.ld, Ch.p. X, 

Book Company, Inc. 
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with an agrerahlo tomj)oralurr that gives the kind of air in whieh 
we find the greatest degree of comfort. 

rt IS during the cold season that we are. most, afifected by low 
relative humidities. When saturated air at 10°F. is brought into 
a room it contains 1.11 grains of moisture. When heated to 
/O It has the capacity to hold 8 grains. Its relative humidity 
IS then 1.11/8.00, or practically 14 per cent. This is very dry air 
and It will cause rapid evaporation from all surfaces with which 
it comes in contact. Sufficient moisture should be added to 
bring the relative humidity up to at least 50 per cent. Warm-air 
urnaces are usually equipped with water evaporators to provide 
the d jired humidity. With hot-water or steam-heating systems 
humidifiers are attached to radiators. They are usually arranged 
to hang behind the radiator so as not to be unsightly 

68 Importance of Carbon Dioxide Content.-Experiments 

u iormation on the question of comfort.» According to d«t« 

"anTto it would .,eem that tie imt^ 

tant thing m securuig comfort is the preservation of th^ r 

:x„'ziraiLnvirr 

'\as felt for some time but after 4-1 • u * <ii^^comfoit 

thermometer stood at 87 °Tr 4 Tv. dry-bulb 

■litiona heteired ‘-e oou- 

a/.t“^The' SS;!' T ‘h' *i„ of 

all.v beoeme leas a„d S 

^dthough the carbon dL.rfde^o 

comfort returned. The occuDanf« r' ^ off the fans the dis- 

aches or after-effects have followed Th' 

flaw been repeated'Le tiW.'"""""'^ e.xperimen; which 

oulnde the cha^er™eathed\hrol h™”"^ 

■ He..Peo. L. G. .'A cl' t o * “ “"Meted witl. 

Rutherford Systems of Stabir VenUM'' Effectiveness of King and 
J anada,;- a thesis presented to the flcu/^ Montreal, 

t^niversity for the degree of Master of S ienee SenT T" 

ocience, September, 1930. 
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widtvl)()re tubing to llu' insido of tlio cliuniher no .s 3 'inpt()ins of 
disc(jmfort developed, even at the time when the persons inside 
the chamber were overcome. Again, when an occupant of the 
chamber breathed air from outside the chamber through a gas 
mask, he suffered the same symptoms as the others. In the 
light of the evidence at hand, the importance of the standard of 
puritj’- of the atmosphere, so far as carbon dioxide content is 
concerned, has been very much overestimated. 

69. Effect of Air Motion.—The influence of air motion on 
comfort was shown in the foregoing tests. The u.se of the fans 
brought relief even though the humiditv and temperature 
remained unchanged. The influence of different rates of air 
movement on comfort for dwellings is shown in Table 22. The 
U'mperaturc for comfort with different rates of air movement 
and different relative humidities is given. 

This accounts for the fact that we use a fan in summer to 
secure relief from high temperatures. The movement of satu¬ 
rated air away from the surface of the bodv' and the introduction 
of air of lower relative humidity promote more evaporation from 
the siirface and consequently cause a greater withdrawal of heat 

from the body. 

Tabi.e 22.—Effect of Am Movement on Temperature for Comfort* 


Woi-l>ulh teniperaturo., 
(Irgrres F. 

Dry-bulh temperature, 
degrees F. 

Air velocity, 
feet per minute 

20% 

II. H. 

50 % 
K.ll. 

80% 

R.II. 

20% 

R.H. 

50% 

R.H. 

80% 

R.H. 

5 ] . 5 

57.5 

01.0 

71.0 

09.5 

68.0 

Still air 

52.5 

m.o 

65 . 0 

74.0 

71.5 

69.0 

100 

54.0 

01.5 

00.5 

76.0 

73.0 

71.0 

200 

55 0 

03.0 

08.0 

78.0 

75.0 

73.0 

300 

50.0 

05.0 

70.0 

97.0 

77.5 

74.5 

500 


• For pnr,o.u. normally rlothrd and slightly active. If occ.panta are ‘ ^ 

tores shoold he increased U) per cent. Adapted from '• Heating and Vent.lat.ng Engineer. 
Ouide." American Society of Heating and Ventilating Engineers. New York City. 

In a dairy barn of average construction, where the heat given 
off by the animals housed is sufficient to maintain comfort mth 
an outside temperature of zero or lower, the relative 
of the air will approach the saturation point long )e ore 
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71. Need for Conservation of Heat.— When the temperature 
drops to 50°F., some protection is necessary for dairy cows, and 
when the outside temperature reaches 32°, definite measures 
must be taken to conserve heat in dairy barns. Before intelli¬ 
gent plans can be made to conserve heat, the amount of heat 
available and the amount lost from the structure during the 


period of lowest sustained temperature must be known. 

72. Heat Loss from Buildings.— When a temperature higher 
than that of the outside air is maintained inside a building, there 
is a continual loss of heat from the building. This heat loss may 
b(‘ divided into three distinct parts: (a) the loss by absorption, 
conduction, and radiation through the walls, floors, window glass^, 
doors, and ceilings; (6) the loss through the infiltration of cold 
air and the exfiltration of warm air around doors and windows 
(infiltration through well-constnictcd walls is not usually suffi¬ 
cient to be considered); and (c) the loss through '^ntiton. 

When the value of U has been determined for each of the differ- 
.mt parts of the enclosing surface, the loss per degree difference 
in temperature from this source may be obtained by multiplying 
the area of each different part of the enclosing surface by the 

value of U for each. 



when; //» 


= heat loss through walls per hour per degree differ¬ 
ence in temperature. 

A = area of wall surface in .square feet. 

U = coefficient of conductivity for the wall (minus 

windows and doons). • f..,. 

(II. thB lo* for nroa, Ih. tho lo» for doors, II,, the loss 

roilinKs, otr., ran hr compntrd in a simdar 

7^ Tnftltration and Exfiltration Losses.—In most stiutrure 

thorn' is air Inakaso through the walls, I!;;; ;™: 

diffrronoos in hunporatiirr or during priui s o 

...it":.J'”r'arrun;i 

iitid without w<‘atlH*r 


T.\ble 23. 


the environment for comfort 

-Infiltration around Doors and W 
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INDOWS* 


I • ' feet per hour per 

'' velocity, ; foot of crack 

iniles per hour 


Plain windows | Weather-stripped 


o 

10 

15 

20 

30 

40 


39.3 
84,9 
124.0 
161.0 
233.0 
309 0 


3.00 
11.70 
22,90 
34 90 
59.60 
87.80 


u Rood .hey »-iU be '*^‘>'■'>'1 doore. but if the construction 

-,»een...... 

ature may be determined as follows: ^ '^^'’^nfe m tempera- 


fJ, = —d 

53 “ 




where /I, . heat lo.,e from infiltration per honr 

/ : ™b'c feet of infiltration per hour. ' 

3 - number of cubic feet of air that , Btu of heat wil, 

STr “ ‘'™P»-‘ure inaide and outeide the 

^.^alaptra'riahTaSdI::““l“-''" "o 

fumacea, the flreplLe ‘enerailn '^;:'''p Thedraft of 

and doors are expected to provide the'™' windows 

accepted average cuantitv oS at .IT"'''' f ^he 

cu. ft, per second per person, or 3 000 cu ft"'!,’’'’ 

10.000 of carbon dioxide Lrt iLT^hat '"Z ^ 

TO'- L, a high standard and L, not tften “c- 

account of the heat loss thnt m re.sidences on 

change. However, it is a generrilv '''' 

a;r « neces^rry to health, and ™ nm “®‘' f'^ct that pure 
air leasonabiy puie. The fireolace T ^'ade to keep the 

ite cost for the ventiiaS'Tttrlld.!:"" "" '» 
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t lift 


In mode rn hams and iwultry hou*^. wme provunon u« madf 
for ventilation in onl. r to provide romfortable conditi.mf,. A 
detinite ainoiint of inside air is exhaustj^d. and a like ain«j<int of 
fresh air is julmitt^-d each hour. The heat lows per deRn-<' difler- 
enee in temiH'raturt* throufth this change Ls computed as for 

infiltration: 


//. = g d 




\vh(>re Hr = heat lo>s thnnigh ventilation per hour. 

Q = cuhie fef't of air change j^er hour through the Ncntila- 

tion sys*U‘ni, 

d = difference in temperature inside and outside the 
building. 

76. The Weighted Value of U for a Bam. It is aometimea 

desirable to know the weighted value of f ’ f or a barn aa a whole. 
To determine thi.s, the total heat loss through walls, windows, 

doors, ceiling and through infiltration rdiffer^ee 

ture is divideii bv the total area of exposed surface. This giNea 

the weighteil average value of f' for the structure, not including 

' "*76 ^ The" Probable Temperature of a Bam for Any Given 

Outside Temperature.-To determine this factor it will be 
neee.s.sarv to compute the temperature 

Tn lirature diffenmce can be computed by dividing the m 
all the heat lossc-s per degrei- difference in temperature into 

total heat available in the bam. 

// ' 8 ' 

w here //, = heat available in BUi per hour. 

d = temperature difference in degrees. 

hour. The ^.1- 1 du..r..TT «.u: 

IPO Btu; through the ceiling. >140 Bt , 

through infiltration. Btu; teat avairable. lS2.(Wt 

hour per degree difference in tempe^lure. The^^ difference 
Btu. di^^ded by 0721 Btu, the heat k»^r degree, eq 

•. that ctrtild be maintained. 
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the exviuokment for comfort 


Questions and Problems 

Lousing hursnnv K^n" H;!;;.'"”'" "‘ “ “"•I - » L.m 

wouid it aid in ]o«-,ri„B th^te^^.,^!",^‘'„7/hc’'air’^’^VTOH ^ 

increase comfort? Explain ''ould it necessarily 

. JtuiLe'>■■« «'■•« 'oak, sndioinn.,, 

even though it n.^he Lth:t?,C„"‘‘Tp?.': " a? 

mud. Explain. ^ became covered with 

moisture in summed comfortlwe "'move 

Is this statement true? Explain. conditions in the Middle \\'est. 

poorly ventilat^'roim "„3 /W" 'Lo air in a 

rorrert? 1, them any imd.ritv ,„X .ff l>«uefieial. I, this 

77. A dairy bam that is satisfactorv f environments? 

may not be suited to a farm and herd in Miimesota 

mentioning the different factors that w ^ l^Iissouri. Explain 

78. Inspection of a bam wl^ have an influence. ^ ’ 

^u«d. «lat inside temperalurTOurd"™'']! '"'""“‘ioa waa 

lur. «» aero vyith a I^mile wind1Zdl.gr ‘ ° "" """X"-- 


Wall 

indows 

Doors 

Ceiling 



^^Lo.ss through Exposed SirRP.,cEs 



H-m. YP sidingZir^ 
space + yp ■ 

side 

i^in. thick (1-2-4) mix 
bmgle thickness 
1 H-in. white pine 

^-in. \ P -f air space -f- 
H-in. YP ^ 



1,095 . 258 


783 .51 
210 1.13 
183 .338 
3,22o!. 236 


Htu lost per 
degree dif¬ 
ference in 

temperature 

per hour 

281T5 


boeation i b'eet of 

‘ crack 

308 

Doors 172 


Heat Loss through In filtrai.v,.. 

foot Total 

38,192 
21,.328 



399.3 

237.3 
61.8 

760.0 

1719.9 

Htu loss per 
' degree 

72oTo 
402.0 
1122.0 
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AIR-CONDITIOSUSG FARM BUILDINGS 


Heat Loss through Ventilation 


Air ehange, cubic feet per hour 


85,480 


Total Btu loss per degree per hour 

Heat Available 


Htu loss pel 
hour 


1 

No. animals 

1 

i 

Kind 

1 

1 

1 

* 

Heat production 
per Btu 
per animal 

Btu produced per hour 

21 

18 

20 

14 

2-year-old 
1-year-old ' 
C'alves 
Cows 

2,500 
! 1,500 
! 600 

3,400 

138,900 








































CHAPTER XVr 

heat and moisture relationships 

77. Production of Heaf_i . 

buildings comfortable in winter e "'“‘“"K l“rni 

with the exception of a few ent " housed. 

-d. in a few ia^^r P.> 

houses, are heated artificially, 
hut most barns and laying 
houses are designed to con¬ 
serve the heat from animals 
and fowl and are dependent 
on that heat for comfort. 

The amount of heat given 
off depends on four factors: 

, . sur- 

rounding atmosphere, the size 
or the animal or fowl, the 
amount of activity, and the 
amount of food being assimi¬ 
lated. Figure 67 shows the 

effect of environment on heat 
arid moisture production of 

•*-Jb. Leghorn hens r 

rtii • ' « P'<iUllCtlOn. 

1 ne amount of heat trii-or. u 

hird, animal, radiator, or stove depend 

of surface expo.,ed and the differencf ir,l 

surface on the body of an animal fa diSrto 

unit un.satisfactory for eomnii+ +• makin^r 

uients have shown that there is a defi* 't™' rio"ever, e.\peri- 

"«Kht and bod.v .surfa,-e and ' t?i.^.ef,r '’'''‘'"•‘'■p 
heat production. ' between weight and 

‘~r- .Ijr. v„l. 47, 10 , „ , 3 ,, 
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30 40 w W /o 80 M 1 m 

Tempera+ure-Degrees Fahrenheit 

rr» 

lowered, .he “ 

inereased and ^ gi'en off js 

At 50»F the heat 

Btu per liour Tfi is .■12..5 

Leghorn hens in proXetion*" 
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AIR-CONDITIONING FARM BUILDINGS 


Since the temperature and humidity in farm buildings cannot 
be held to a certain point in all seasons, it is necessary for the 
designer to use a figure in his computations for heat production 
that will give satisfactory results under varying conditions. 
The figures given in Table 24 on heat production are aveiages 
and may be used in general design work. 


Table 24 .—Heat Production 
Source 

Adult person. 

Hen. 

Horse. 

Jersey cow. 

Holstein cow. 

lOO-Ih. hoe. 

200-H». hoe. 

Sheep . 

Klect ricily, kilowatt-hours. 

Lb. coal in averae«* furnace. 


Btu per Hour 
400-500 
25-35 

1,800-2,500 

2,000-3,000 

3,000-3,500 

400-450 

750-850 

300-350 

3,412 

6,000 


78. The Production of Moisture in Barns.— Recent investiga¬ 
tions indicate that a 1,000-11). cow breathes into the air approxi- 
maU-lv 10 lb. of moisture per day. From a herd of 40 cows there 
would be given off 400 lb. or about 50 gal. of water per day. 

The removal of the large quantity of moisture that is created 
in a barn, especially under winter conditions, when bam is 
clo.scd, is a difficult problem for the designer to solve. ^ ^ere are 
days in the summer when both temperature and relative hun V 
are high, and lowering the humidity, or perhaps both humidity 
and t( mperature, would add greatly to the comfort of the animals 

Most farm enterprises will not justify the expense 
air-conditioning the buildings, but several things can be don to 
improve .-onditions during hot summer weather. bisuU Uoi .s 
.Zu considered to have as much value for 

mited so readily. In addition to in.sulating buildings to keo] 

„.„t ..ut, wo may provi.10 ohadc hy plantimt tm-.s j;™ 

I,, cive, the desired results. Shutters built to act as insiilatoi 

may be yaluable on hot summer days and 

windows may be opened at night and closed during the da> . 

. Moef Cattle Harim, V.S. Dept. Agr., Farmers’ Bull. 1350. 
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.Mk-CONDITIONING FARM BVILDlSdS 


would l>p condensation in the form of rain. If a cold-watei pipe 
were introduced into this 75° air there woidd be condensation on 
the pipe coming from the air that was cooled around it; or if the 
walls of the room were cold enough so that the air in contact with 
them would be reduced beyond the dew point condensation 
would result. Windows are low in in.sulating value and are 
colder than other parts of the building. For this reason conden¬ 


sation first appears on the glass. 

81. Condensation on windows and walls causes rapid deterio¬ 
ration of buildings and equipment through rotting or rusting of 
the materials. It produces unsanitary conditions in which to 
handle milk and results in a poor environment for livestock. 
Condensation depends on several factors; the relative humidity 
of the air, the temperature, the coefficient of ab.sorption of thi; 


'Pabi.e 26.— Moisture CUintent of S.atur.ated .\ir .\t Different 

Tkmpkratures 


Temperature of 
air, (ie^rees F. 

Weight of vapor 
per cubic foot 
saturated air, 
grains 

Weight per cubic 
foot saturated 
air, grains 

0 

0.80 

602.6 

5 

0.92 

.595.9 

10 

1.11 

589.4 

15 

1.32 

.582.9 

20 

1.58 

576.5 

25 

1.87 

1 570.2 

:i0 

1 2.21 

564.1 

35 

2.62 

558.0 

40 1 

3.09 

552.0 

45 

3.64 

,546.1 

50 

4.28 

540.2 

55 

5.02 

534.4 

m 

5.87 

.528.6 

05 

6.87 

.525.1 

70 

8.00 

517.7 

75 

9.80 

512.5 

80 

11.90 

507.5 

85 

14.40 

.502.7 

90 

17.40 

498.1 

95 

20.40 

493.7 

100 

24.80 

489.5 
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AIR-CONDITIONING FARM BUILDINGS 


this condition it might be done by improving the ventilation or by 
decreasing the value of U for the \nndow or perhaps by some surface 

treatment, changing the value of K. 

It has been stated on good authority that a 50 per cent relative 
humidity is desirable for the health of people, and no doubt the same 
holds true for animals. Such a relative humidity causes condensation 
on the walls and windows in the average home, and to avoid this, decreas¬ 
ing the moLsture content of the air is often resorted to. No doubt the 
better plan would be to use double windows and more thoroughly 
insulated walls. It would then be possible to have the optimum relative 
humidity and at the same time avoid undesirable condensation on the 

walls and windows. 

The value of U for double glass is 0.450. Substituting this value, we 
find the temi>erature of the inside surface of the glass to be 4rF. Air 
at this temperature will carry 3.20 grains of moisture per cubic foot. 
If K remained constant there wouhl still be an excess of moisture that 
would cause coiulensation on the glass, but no frost would appear. 

In all probability, the storm windows would decrease infiltration and 
also reduce loss ./heat to the point where a higher inside temperature 
would result, changing T. for the inside gla.ss. If T. were increased to 

43°^'. there would be no condensation. 


82. Condensation in Walls.—.1 ust as there is a thermal pres¬ 
sure through a wall from a heated room to the outside cold, so 
there Is a vajior pressure through a wall separating e( 3 iiditions 
of high relative humidity from low. In a dairy biun having a 
temperature of fi()“F. and 70 jier eiuit ndative humidity or in a 
modern home being maintained at 70^V. and 50 per cent relative 
humidity, there will be a movement of vapor through the wal s. 
As this vapor moves through the wall at some point " ithm the 
wall there will be a bmiperatiire at which condensation vill ta 
pla,-e. 1 11 walls as commonly construcUHl, this very ofb^n occurs 
on the inside face of th(^ oub'r portion. A vapor barriei p ai» 
near enough the insi.le surface to remain above the ternperatuie 
for condensation is effective in preventing trouble from this 

Hourro, 

Questions and Problems 

n. Two CO,. i.. .i.c. I>i>c i. in heavy pnvl.iction. 

i. „cy. Which »i,i ,ivc,i,c 

fariTHT made the statement in nga heeuime I nave 

..f warm ...ash Ihia .....rning,” Was his reasoning -orivet? 
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//AM T A XI, MOIST I HE HELA TIOXSllIPS 

flairy llmon „v..r ij.,- u.n.l.m« ,.f hw 

H..WS nn.l walk Coul.l thia •*» 

--XT.. .::r 

p.i:xx“r.xrv::x;r'T 

w..„. cov,„.,, ..'.Xm;. t; x Th, ..II. 

OM. Would ,1,,,. b. oo„de„j;i„„ o„ .L'Xi fX,"" T" r“ 

®3. A waJI IB ina<le up of ^-in. ci^lot 4 *x i in # / l 

y«‘llow pine siding. The temDerafun. ' t i! ”*^^‘*’“** »»»d H in. of 

is -in'l.' «... ! l«*n*p»niture inside the wall is 78*F .i.H i 

W 10 h. Sei nrv a sheet of ‘ ouUide 

nine through the wall. I.et 1 in. - 111 * '*™* • ‘‘•mpepamm 

that the dilTerenre iMUween the sorfse ” ** '•‘rticnl srale (.\aMunie 

wall and the outside tenifsTature is 1- samTITXTff*"* 

tnnpopatun- and uiside wall-surfaee letnperam,^^ " 


CHAPTER XVIT 
VENTILATION 


83. Need for Ventilation.—Most students are familiar with 
the effect of a lack of ventilation on their ability to think and 
work. Drowsine.ss is the first evidence, followed by headache. 
If such conditions were continued indefinitely ill-health would 
ccTtainly result. If one individual in the group were a disease 
carrier, the lack of ventilation would make the infection of the 

others almost certain. 

During the first decade of this century the Canadian government was 
concerned about the spread of tul.erculosis in livestock. A leading 

veterinarian of the time spoke on the subject before the 
Vgriculture ami ('olonization, and had the following to say . JAithm 
the reach of everA^ man, and at the lea-st possible cost, there is the best 
and most effective agent yet discovered for the eradication of tuberculo- 
His Of infinitely greater value than tuberculin and much more easy o 

ministration, is a plentiful supply of fresh air. ^ 
t,«lav in which veterinarians are behind the age, it is that of tailing 

insist at all times, in season and out of season, on the importance one 

stock of thorough ami effective stable ventilation. 

movement of large Muaulitic,s of air that 

> RnTHKKFOUl), I>n- ^ 

IW2 1»I2. Aarl..,.llurnl ri.vsics, Pniversity of 

.Deceased; fonncrly Professor ..f AgnculturnI 

Wiwcormin. 
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yE\r/LATlO\ 


N7 


.. - :-:r t 

... 

fh.p. XVI i„dica,<, ,ha, „|a,ive lmmi,mv'""T"' 

«"■ important factor, i„ .h, ,7 

ventilation rtvsu*m>> are design,^ to nrovidfth i • ‘ 

U, ,am„v,. „,.. a.n,muia,. J 1W .7,''“'"’" 

nvailable with r«>ntrrvl • ti ♦ •\'('t<‘iiis an- now 

humiditv of theTr S thi “ 

a. the ndative As 

ventilation sysu-m ih sUrti^^^aTi ^ 

humiditv lias Us-n lowt-ntl n t\ ^ th<* relative 

divided into two xeneral claes<*s- ,a) tl systems are 

-^tems are snlaliviZ “ Gravity 

f»<iir.tfroni w hi. hair is ailnii ttys'll *'*"7”' ‘ 

The Km, system rntnalm^ — 

•-in, that, sin..e theory 

t« the floor and la* the first to I “ *t will settle 

that Uie warm air will ris<- and w^^ilM*” *'!^' 

►Uhh- U-mjH'ratores will result a thus higher 

"»■ f-l Z a. ZZoZl f7„ .1, “.-' m 

^ImitUsI at the flo,jr- or if T ^'r is 

H«r may lx* admitted’ at’ th7 -"t^ urhul.-rue is d.-sir.sl, fn-sh 
; ff»-tive height of flu,. i.s gn-ateVin'Ilt’. 

•t IS bavsj on til,, diff.-is-nee in nl ' ■ ^‘^ 7 * '^yslem. .sine,; 

-'t the top of the .tuttake lln, T ^''^^-air 

need.d in the King .sesU-ni to s(^ur,^iT ' ««•'• 

•—ntiaJ ‘iiff,.rT.net. t,efng tlutVlVhr 'i 

'«**■ large stark or flu,. Tlii. de, J comhimxJ in 

•t .1,^ 1,^ '“H in a ventilaPd stable will 

‘Ih- falhiMc U th,- dense air in the , ! M * '^'«“lt of 

of air al,mg th,- stable :ti;u^g^^f ^ 

^ ^ n... .v;„’“ ;';:r-tr: 
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AIR-CONDITIONING FARM BUILDINGS 


directly over the rows of cows to the walls and to the pen areas 
where little heat is generated. A detailed study of the air cur¬ 
rents near openings into outtake flues will show that the out¬ 
going movement is noticeable for a surprisingly short distance, 
certainly less than 6 ft. from the flue opening. This is an impor¬ 
tant fact. It shows that the location of the outtake flue has a 
negligible effect on the convection currents of air in the stable, 
and from this it follows that it is not necessarj^ to have a number 
of outtake flues in order to ensure uniform stable conditions. 




(a) 

Fig. 68.-System8 of barn ventilation: (a) King system; (b) Rutherford system. 

This means that one large flue may be used for stables of at 

least 50-cow capacity and probably tor more. 

This single stack can be located at any point m the 
it 1^1 be Lt of the way and where it can be con^rj^ted wdh 

the least number of bends and sloping 

ditions must be maintained by proper distribution of fresh 


The size of outtake flue needed 


inlets. 

86. Computing Size of Flues.- ^ vplocitv 

It whic\ the air moves in the flue^ In the 

force causing the flow of air in the flue is a result of he difcren ^ 

in weight between the warm, expanded air * 

the cold air outside. The heavier air from ““fide f ds 

into the barn through inlets or through in ra 

the lighter air out through the ventilation < J'lf 
flue, being in.sulated, keeps the air warm until it is c xha 


the top of the flue. 

1 Riley, H. W.. Natural Draft Dairy Stable Ventilation, . gr 

Vol. 10, No. -1, p. 125. April. 1929, 
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r = 2S,SOn 



7/(7’, - To) 

To -f' ion 


( 12 ) 


the theoretical velocity in feet per hour. 

It has been found that the actual velocity of the air in ventila¬ 
tion flues is usually about 40 per cent of the theoretical. The 
formula for actual working velocities would then be follows: 


V = 11,520 


7/(7. - To ) 
To + 460 


(13) 


For quick estimates, a temperature difference of 20°F. is often 
assumed. An outside temperature of 30°F. produces one of the 
most difficult tests for the ventilation system. At lower tempera¬ 
tures more energy is available, and at higher temperatures wm- 
dows may be opened for additional ventilation. If a temperature 
difference of 20°F. and an outside temperature of 30 F. be 
assumed, the formula becomes 


VH 


( 1 - 1 ) 


Tins gives the velocity of flow under the most trying conditions 
,nuking for conservative design. When the velocity of flow is 
known the quantity of air circulated m cubic feet per hour may 

be found from the formula 


Q = AV 


(15) 


where A = cross-sectional area of flue m square feet. 

V = velocity in feet per hour. 

If the amount of air circulation needed is J*": 

velocity in the flue determined, the .size of flue ma> e co p 

as follows. Q(cubic feet of air change, per hom j 

Area = F(velocity in feet per hour) 

86. Design of Flues for Gravity Systems.-Many ventMng 
svstems are ineffective because of incorrect design . 

Hiifs The efficiency of these flues depends on several ■ , 

.aLv ttir effective height, the *oroughnes» of insu^^on o 

Lrtl; and sis^the large flues being 

tive than an equal area in smaller ««'•. "^^ters the 

rvt: r^p^in^tthicrtt^^^^^ fl-e discharges above 
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roof, Hiid in IJ„. R„thl* ,tl head on tho 

Orttake H n' »“’'<^-''d"ho\ZiIator 

cientlyso'thaUh!«luTo7t/™"hfflue°'''l! 

."'reduce^it *1“ t' r "he 

ie allowed to coo S tteXi Ihe 1 ““ ^ 

tiun on the inaidelurflt “"‘'enaa- 

airXl“InyXer *ape''lr “ 

are often led beeaX of !1 P^ference and 

flues become leas effective as the Iff '“e^^'hon. Rectangular 

The vertical flueTtt losltr f ‘1”'“='“ “ P““hle. 

more than 30° from the vertical ”*”n sections placed 

■csulting resistancX flow “f ‘he 

87. Fresh-air Inlets.—An inlet tr. ^ x 
must admit air at a more or 1 p«q ’ v satisfactorily, 

conditions of wind lessul IfXX™ ""ving 

wtod. The inlets o^tleXlTlX I! at *''' 

This ivill increat the lenttoirr'' *" ‘h^ *‘able. 

"ill be cold. Several “ P““'‘ '"hi<'h the barn 

developed automatic air intets'thaTS’X* *“ have 

volume of air under different wtid ‘h® same 

hack-drafting (see Fig. 70 ). ocitiea and also prevent 

hv the unavoidable^ddlHn^gX?t o^ th™^ ^ influenced 

^‘nd therefore the reconTmendTfair, 
should always be located along the o 
regardless of w'hether the cows head in n ^ stable 

blanket of cold air next to the wall that Provides a 

-duce condensation and decrea.se hfaflol""^ " ^ 

^'orruT// Extermon RnU. 15“!^ DtcembeJ!792r''’ Ventilation, 


ir.2 


MR-COSDlTIOMSfi t .KH M Bl ILUIStiS 


Will, an oul-idr tomiv raturr of 30 F. and an in«d* Wmprm- 

lurr of 5<rK.. with all winrlo\v> rliw>d, U*ranM- of thr difT*'rr‘nrr 
in don.Mtv of Iho in-idr and ontMdr air. thr inh t> julmitUn* r,»ld 
air rould havo 1 i»rr .vnt l<•^.^ total an-a than the ouUrl exhaiiKlin« 
warm air, i.rovid.-<l the inlets work.xi «ith Mu same eff.-< tiveiH^s 
a.s the outlet. This In prt>hably not tnie. but it aeema ^t the 
leakaRe should easily make up for Uie inefficiency of the la^ 
number of inlet op<‘nin»s. Some d<*si*ners usi- 10 per rent lew 
anui in inlets than in outlets. Since inlet- are mexp<-n«ve and 
since n^sistance in inlets may nxluce efficiency, it is Mie%«^ 
advisable to make inlets equal in area to ouUet- infiltration, of 

>u»nicr remsidcrod. 





(a) 

aid«. 

near the ceilmg and the exnau. i relYmt. 

Foul air i.s taken from ® either tempera- 

as desired. These units ma> ^P _ ventilating 

ture or humidity controls. Table 2. gl^e data 

'“nw a». Co- 0/ 0P---.--IO 

CoUe^, it WM 2.6 k».-hr, of ni^‘ 

"pe'rLnth. The -til..in.^^™d 

r—“nr “ r ^ 

budding. 
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Table 27.—Ventilating Tans* 


Diameter of 
fan, inches 


12 

12 

16 

18 

24 



Revolutions 

per minute 


1,070 
1,725 
1,125 
1,150 
860 


Questions and Problems 
in a stable. Whic^one do^ you'twnk 

mg a standard-type dairy bamtating^J Stherfo^ 

mg system? Use sketches to 

•ir over the “"ZwTIm det'e.'.Vt'.fr ‘,h“ f™’* 

t«7 Explain. The «.len.eM“ .,L ‘ 17 7“®? *'’™' oor- 

87* 77°"* “■><">»««»» ona™ fe cold ,1, 

87. W hy IS an outside temperature of 30°F 

.7iT “ ''“‘ilatL .yetlm ? ,LTd”° '7 ‘'»- 

p»i™rXir nrriir/er! 

hou»d'*i?a7a77iTnlgh7XTL"7^^^^ 40 Ih. of „iik jailv, a« 

perature of 60°?.? of 50 per cent at an inside tem- 

is 36 ft. above the floor ofth^ staWr'whir ventilator head 

a King system were used and the ceilinv T® '"^^ded? If 

hat size flue would be needed? If th' ^ of the stable were 8 ft 

ve^lator stack (Rutherford1ystl?:::T2r -d the 

outtake would be needed? wl * - above the floor uL ♦ • 

•W. incallationv »"<> *P«ed of fan wonirbeVecd‘d ta 













CHAPTER XVni 
HE ATIN G 


Heating is the utility most essential for comfort in the farm 
home. It is therefore the first utility to be planned for and the 
last to be curtailed in case it is necessary to make reductions in 
the expenditure. Heating systems in farm homes vary from 
the wood stove that heats a single room to the automatic oi - 
burning furnace that heats the entire house. Many low-cost 
farm homes are built without a basement, and for the most par 
one or two rooms are heated with stoves. The inside walls ar 
usually not well insulated, making it very difficult to heat these 

rooms to a comfortable temperature. 

89 The circulating heater or jacketed stove utilizes the pn - 
,.ip,e 0 ? con “eotion to secure more uniform distribut.on of heat 

'X umt viL, and is crowded upward by the Reamer cok a,r 
comins in from below to take its place. The cool air mo''" 
rfliKir to the heater, and the warm air nnoves on fr m ^ 

heater along the ceiling. This system gives ‘i 

tion of heat than an ordinary stove, but ^‘.'’^ally wll not n 

rooms unfavorably located Swerv o" hearthroughout 

In order to secure more positne aeiiveiv ^ 

hoC ’trith'’'rcentran'iox''directly under 

air are built into the wall above the <toms lea g 
to be heated. When the heater •» hred • e an J^_l ^ 

rises, and air is drawn in ' |„,.g „( ,i,e cool air 

Warm air flows to the rooms o j f cold-air return 

withilrawn. Figure, 71 shows the la out i m„,rii,„,ed 

„i,,es. If all registers arc left open heat will 
* * 154 
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veiy satisfactory delivery of heat in ^ \ system gives 

^ to points where it is needed 



-reulanng heater with cold-air returns': 


1 .* '^A^iu-air return) 

the ptop'lTmrof gralrrthr*^^^^^ 
formula: ® "''“'“‘'"S heater, use the follovring 


(7 = 


^ 2 X 14 4^ 
Efp 


07) 


where G > grate area i„ square iuehes. 

-: =: ^:-7z Lr 

\ ~ eftciency of the furnace f40 to fin 
/ = fuel value of the coaWRt. 

P = pounds of coal per hour ^ne 12,000). 

(usually 6). square foot of grate 

90. A house with a h 

standard types of heatinrsvTtem^^^^Th^" of Ihe 

one most commonly used (see Fig 72 ) is the 

can be shut down ivithout hpin ^\4 ' cost • it 

ure; it does not require any speci™« ^ 

thf‘ r"“'u‘'t® “etuaUvork of i!«'ir ‘‘®*" '“ft'- 

to t r ‘ a'’ " '■»* wat r syster Th"* 

~- ~ :::r 
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Alli-COXDTTIONIXCf FARM BUILDIXGS 


the jn’oper size of warm-iiir pijic for ra<‘h room and (/>) 1o soouic a 
sufficiently large grate area in the fire box to serve the connected 


heat pipes. 



room. 


In computing the size of warm-air leaders, a register tempera¬ 
ture of 175“F. is assumed. The formulas for computing the size 

of leaders needed are as follows:' 


First-floor rooms — A = 0.009// 
Second-floor rooms - T = 0.006// 
Third-floor rooms — A = 0.005// 


(18) 

(19) 

( 20 ) 


where A = the cross-sectional area of the pipe in square inches. 
II = the total heat loss from the room in Btu per hour 

1 « Amorican Society of Heating and Ventilating Engineers’ Guide.” 
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C 


* beir (S 

E 


» 2 X 144// 

^yp[ 1 + 0.02(// - 20f] 


( 21 ) 


- art** in square inches. 

a«r). I>onn«l, 12,00() 


P - 

E • 

// - 
12 » 

Ta»ui 2 H 


No. ot 

eolunmg 


^r%’' -x- or 

loUI J™'*' “"•“ '2l» to 2S). 

T‘‘™ ~e .oT: :i:'“ 

prr iiquArr fe^t prr 
hour 


aU? •ryrtu»n 


I 


J ' <C h j 


"•^1 «; 7 i:r “'‘r*? «- 



aiH 
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AIR-COS DIT ION ING FARM BUILDINGS 

location of these radiators, and the size of boiler needed to supply 
the heat. Table 28 gives information that makes it possible 
to select the proper size of radiator to meet the needs of each 
room Steam boilers are rated according to the number of 
square feet of connected radiation they xvill serve, and therefore 
the selection of a boiler is based on the total amount of radiation 

needed. . . . , r u *• 

92 Electric Heating Systems.— Electncity is used for heating 

in some localities where the climate is not severe and where electric 

rates are low. The greatest use of electricity, however, is or 

supplementary heat in early fall or late spring when the regu^iar 

heating svstem is not in operation or during tlm Annter, v>hen 

additilal heat is needed for short periods. The amount o 

current consumed by this method of heating may be computed 

by use of the following formula; 


KWH = 


H 


3,412 


( 22 ) 


where 


KWH = kilowatt-hours of current consumed. 

H = heat to be supplied in Btu per hour. 

The constant 3,412 = the Btu of heat supplied by 1 kw.-hr. of 

current. 

H=fEE 

1 nn its design If it does not smoke and if it furnu . 

largely on i 6 ;t will l>e used a great deal in 

comparatively large am oun o either of these respects 

its use will be limited and its 

back wall and the relationship ® pnlace are the important 

of the flue and front opening into t,,e 

considerations for securing mo\ emen • _ qJ the fireplace 

flue. A ratio of 12 to 1 to give 

and iTOSH-aectional opening ■ ratio of 15 to 1 ban 



lUiA TI.\(; 


15!) 


«rtio,. eNtondL ■"'■"■»rd to fonn ,, 

created In t™ flue L , '''I- 'l™ft 

and radLtt-rolt^IT Z:'''CT "" 

ine room. J<or lon^ serAice, this back 



^/iJ9 fining 


Smoke chamber— 


Smoke she/f - 


Damper 

throat 


^^’rep/ace 


Fig. 73. 


A WolMpNiK,„.(l fireplarp. 



Jhe fireplace ™l'i«'iitn'“u, 

- value ot -‘''"i 

90. Th a , 'Saesdans aad Problems 

»' .he . pc™,, 


kitchen 
Living and dining room ■ ■ 

Two bedrooms.... 

^■iathroom... 


• • 


• > 


-49.50 Btu per hour 
6100 Btu per hour 

2^ Bt*'' 

^>00 Btu per hour 


.in beat lb. 
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b. If a standanl war.u-air furnace is used, what size of leaders shoul.l ^o 

to each room? (Hooins are all on the first floor. I 

e. H a hot-water heating system were used, what size of radiator «oul 

ncodod Ln oach room? » , •. * i .... 

91. If electricity cost.s 1.5 cts. per kw.-hr., what would it cost per h 

to heat the house? , , o 

92. a. What are some of the advantages of a hreplace. 

6 If a fireplace smokes, what might be the causes? ^ 

c If it fails to furnish heat to the room, what might be the cause. 




PART IV 
Building Adaterials 


CHAPTER XIX 
WOOD 


94. Use. 


verbal builclTng^raterir ‘he u„i- 

replacing if to atnlidetbleTtent 
of the large bu.sine.ss buildings in cities call f some 

steel, brick, and other building materials to th""‘'I 

most part, of wood 1 the 

tn^- it is one o? t thteTLl T -- 

strength is considered • it can h ^^terials in u.se, when 

by anyone who can handle Lpfe to„lsMt*''D ‘‘"“r"' 

paratively good iasulator and can thl h ^ 

taming reasonable temperatures mthira^’t 

qualities, however, that do not al a ructure. It has some 

for a building mlterial Itfs^'^of -p 

«rai„ fibers and seldom si: fuT ‘ho 

"Tie spans or excessive loads It is^- *K™*^ 'h’ ““o for 

'» a great factor. Its serviceable We r! K r h™ risk 
placed so that fungus growfhg, ” may be shortened if it is 

not properly protected from tormites^^t^ and if it is 

them. The quality of lumber availal l ** ‘^^^troyed bv 

™ r us:^^;r ^ 

-mbem, the undesirable fea.tmesVwrd hav^' 
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BUILDING MATERIALS 


to the substitution of other materials in various parts of farm 
buUdings. 

96. Depreciation.—The so-called “rotting” of wood is caused 
by a type of fungus that feeds on the wood cells, breaking them 
down. Thes(' fungi develop from spores that are carried by the 
wind fiom the fruiting bodies of the parent plant. They come 
in contact with the wood, and if favorable conditions are present 
they fasten themselves to the wood and grow, securing their 
food supplv from the cells of the wood. These growths may 
develop fruiting bodies, or there may be no visible evidence of 
their presence except the remaining rotted wood. This develop¬ 
ment can take place only if certain conditions are present, namely, 
a reasonable amount of moisture, a supply of air, and a favorable 
temperature. If any one of these conditions is removed the 
iirowth of the fungus will be retarded or may not take place at all. 

96. Preservation.— Although it is impracticable to eliminate 
anv of these conditions completely in farm buildings, the wood 
eai’i nevertheless be preserved to some extent by the use of various 
treatments. Zinc chloride, sodium fluoride, and creosote are 
the common wood preservatives that work by poisoning the food 
supply in the wood. Crco.sote treatments are also effective 
through waterproofing the wood temporarily until the creos^ote 
leaches out. Paint poisons the wood, acts as a waleipioo ig 

Tahlb 2 '>. -Sekv.ceablk Like ok Different Varieties of Woon When 

Used as Fence Posts 



Vrtrift V 


Whitr 

OHaRO orauK<‘ 
Illark locuHt 
('at alpa 
SaMHalruK. 

While oak 
White walnot 
Ked hud 
lUack walnut 
Honey Ioc-ukI 
lUark aali. . 
While elm 


Years of aervico 
without treatment ■ 


Years of serviet' 
without treatment 


* 

13 hi 
114 
10*2 


Iron wood 
Hickory 
Ued oak 
Cottonwood. 
Haekherry. 
SuKar maple. 
Black oak 
River birch 
Dogwood 
Willow. 

8vcaim»re 


. • 


3*;, 

3>a 

3h, 

3*^ a 

3 

3 

3 

22, 

o 



♦ varictliNi are in 


rvlceut>W’ ronditioii after 18 yeara 
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... - 

'In- aiLl^hlK InTrcat"“if!''|”f,'. '’'’-ia''' ‘'‘’“'""I k«'P» H 

affects wood is reallv no . ' ” that 

KTOwlhs that smj out temirilTo a " f""*’*-’ 

»P«,h„. a,,,. ,,ovelopi„, an., utl':/!" 07 ^“"' T 

luo'l, bnuKtng about the resulting ,|eeav “ 

Ierviitea. or whifp nnfw. 

supply there to the destruction^ of the" utilize the food 

They must be kept out by Zol attacked, 

the food supply (the wood) so th or by poLsoning 

97. Reco^ended Usel LZ Z 

rate at which the process of deps ^ ^the 

bet ter .service can be secured from ' h^ i^r ^ therefore, much 

of wood for different parts The y ‘^ 

turei.' Association make^the fnV ^ 

the use of different varieties of woo^"TsJr'cTre"'"^""'^ 

franiine: Wk * 

Heavy framing v.I hemlock 

Knerior finish ' P'™, „.k 

Intprior 6ni.sh n ri ^ evprass 

PI'»ors. O. 1 ’ P‘"®- any hardwood 

tJoors, sasii '“‘‘P’®’ '’"'''t P'^e 

Sills P'»e, cypress 

I-'-U Sr'?’ '*'> PiPP 

here native lumber is to i.. . 

of aome of the less durable varieti7'7 “f the value 

posts. Many of the^TlrrStrof “ 

■la use.) OP, may be a limiting factor in 

98. Classification of Woods r/ j 
of wood, according to hardot^fe ^7 V'’'^ ola,ssi6cation 

"«» that have broad leaves aTe 4„r* u 'haf ail 

' T are softwoods. This is a veX * '*'at all that are 

atiun however, because longleaf vell2^ 

-oo'fer and the latte" harb'ad 11";:., a 
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arowth.—Th\s classification is based on the manner of growth. 

If the growth is endogenous, every point on a tree is pushed 
upward as growth takes place. The bamboo is a good example 
of such growth. Most of our native trees are eropenows—that is, 
the growth takes place by adding new growth not only at the top 
of the trunk but also out from the center, the expansion being in 
annual concentric layers, the thickness depending on the variety 

and the conditions for growth. 

{^7sg,_This division is made by special .selection of materials 
and by differences in methods of processing. Finish lumber is 
selected for the presence of, or the freedom from, knots, but it is 
planed or milled to definite sizes and with smooth surfaces; or 
it may be beaded or shaped into various designs. Finish lumber 
is .selected for appearance; common lumber is selected to give 
service or strength. In each of these divisions we have grades 

based on (piality or condition. i n 

99. Grades of Lumber.—Finish lumber is divided into .4, li, 

and C grades. 

Grade. A, up to and including 12 in. in width, must show one 
face practically clear of all defects except that it may have sue 
wane aa would dioss off it the lumber is surfaced on four 

Grade B will a.imit of one split end where the depth of split 
d,>e» not exceed the width of |iieee, small seasoning checks that 
do not show an opening through, a limited number of sound knots, 

flvJj/c'c'wi'n nilmit any of the above defects that will not mate¬ 
rially affect its strength or usefttiness when the lumber ts .daced. 

cLmon lumber is graded No. 1, No. 2 No. 3, 

"es must be .st.ittdde f.ir use without waste and wtll atlm, 

It,d knots checks, and holes well scatter^l ““t:,“ gi. 

throttgh the piece; and wane .lot to exceed 1 tn. m width and 
I ' in in depth and one-lhird the length of the piece. 

tiii^ "d'T;:" u:'inr;S^ 

"if= 

ric^ll, of the piece; splits that do not exceed one-fourth the 
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length of the piece; streaks of advanced decay not to exceed U in 
m width by one-fourth the length of the piece; wane 2 in. wide 
b.v one-half the length of the piece. lILscut or machine-damaged 
1-m. common lumber that does not fall below H in. in thicknes.s 
Will be accepted as Xo. 2 common, provided the grade of such 
stock Ls otherwLse as good as Xo. I common 

Sumber 3 common boards and strips, rough or dressed on one 
or t wo sides w,|| admit coarse knot.s, loose or decayed knots an.i 
k .otholc.s, through check.,, shakes an,I splits, serious defects in 

.irims'''th^t‘ ■■I,'” ’ "-ane, or other 

lefects that will not prevent its use as a whole for cheap 

S commol"’' eooJ ^ 

beilcTitntrTv fall 

as r I not b! h ? T™"’ <■“'“*>« auch pieces, however, 

as » II not be held ,n place by nailing after wasting one-fourth of 

into gratlcs'itT'ne* 

‘lefine the different 

XOO. Defects m Wood (American Lumber Standards) - 
the rin 'r ‘he wood that occu”tL 

cl,ecks,t,Therm ifdil'tes ““““Sh 

synonymous with the term Zay 

.h™^h r'pte‘""Horn"' “Y 

eter. Pin S„m o '''' h™' 

'.e .0 i’n ^;“'ti:*“^*' '‘■°™ 'e- ‘han 

in ma':^:tre:t:^;‘:hi''''“d“‘' 

grain, torn grain, skips in dres.Sn* *™'"’ ‘““eened gram, raised 

mismatching, mLscut,'in.sufficient tongurand“™’ 

Knot^ are classified according to size fn ^tc. 

"nder iin. are called pin knots - from’ i T’ s'- 

from to 11., in standar.l L- / i ^ ^ knots; 

A spd-e knot is one that is k I ^ 

knol is one that is soli,I across its sJolfa hafi'™'"' it 

•■'Urrounding wood. ^ ^ ^ tlie 
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Pitch pockets are openings between the grain of the wood con¬ 
taining more or less pitch or bark and are classified as small, 

standard, medium, and large. 

Shakes are cracks either intersecting or parallel mth the 
annular rings, resulting, usually, from excessive strains caused 
by wdnd storms, ice, sleet storms, or improper felling of trees. 
Stain is a discoloration of lumber resulting m any color other 

than the natural color of the piece. 

Wane is bark, a lack of bark, or a decrease of wood from any 

cause on the edge or corner of a piece. , • , . 

Warp is any variation from a true or plane surface. It includes 

crook, cup, or any combination thereof. 

Questions and Problems 

93 . What are the different classes of wood from the standpoint of («) 

irrowth' ih) varieties of wood; (c) use? i •> 

94 How could inferior methods of logging affect the («) quality of him le 

ihl careless work in the mill? (c) lack of care in the yards? 

»rWh“t .,c the commoe »ood Why ere they n„. more 

"’‘m'w'V h^L tern,to? (b) How .nay their pre.e.tee he rero«niae<i? 
(f) What ean be done to prevent them from damaging a bmUhng. 


Reference 


Snyuer, Thomas K.: “Control of Termites in 
Vol. 9, No. 8, p. 240, .\ugust, 1928. 


Huildings,” Agr. Erig. J., 
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CHAPTER XX 


WOOD FASTENERS 

the joints in farm strnctures are fastened 
espec^ly for different condition*. Common nail., are of Jo 

lath r n ' n shingle, 

, • , and church nails are in common use. The size of naiU 

.s expressed by the term penny (represented by the letter d as 


T.\ble 30.— Length am> Weioht of \ail.s 


Description 


Cut nails, 
number per 
pound 


Wire nails, number per pound 


Size 


length, Com- Fin- | Corn- 
inches I mon I ish 


mon 


Fence 


Spikes 


Case Finish 


Shingl 


• • 


• • 


429 


• • 


30 

23 


• ■ • 


• • 


30 

23 

17 

13 

10 

9 


87 113 


71 

52 

46 

35 


90 

62 


lOd etc.), which has come down from the lirv, u 
made by hand. An 8-pennv nail u « r " 

J Jr^r;ri7o— 
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ured or evaluated. The variety of wood, its seasoning, size of 
nails quality of workmanship, coating, number used, and the 
manner in which the load is applied all have an effect on the 

strength of the nailed joint. 


Table 31.—Quantity of Nails Required 


Unit of construction 

Size of nail 

Pounds 

required 


3d 

4 

8niiigi“»... 

3d fine 

7 

1,000 ft. b. m. beveled siding- 

1 n'\ aVioof ninff • • • • • 

fid 

8d or lOd 

18 

20 or 25 

IjIXHJ It^ D* ni. Siieatuiiifc. 

1 nnn Ci Vv tii flrininTiff . . • 

8d or lOd case 

30 or 40 

1,IXK) It* D. ni. uuuiiiits,. 

1,000 ft. b. m. studding, etc. 

Ifid and 20d 



15 plus 5 


The U.S. Department of Agriculture ‘ Wood ’ 

prepared by the Forest Products Laboratory, Madison, Wis., 
gives the foLwing formula for the holding power of nails when 

the load is applied at right angles to the nail. 




where = safe load in pounds per nail assuming a factor of 

safety of 6 for softwoods and of 11 for hardwoods. 

A' = a constant varying with the variety of wood. 

1) = diameter of nail in inches. rp , oo For 

K„r values of K to be used iu tide formula, 

:;r > 

to Hvo-thirda the lenKlb of the nail (for aoftuoods). 

tompir: A 2 by 6 yellow June joiet is totened ^ ^ P™ 

.tu.l will, four 10,1 nail,. Wbat l' ^ ^ 
naile,l joint? The loa, w.mld ')» I,,*,, ,irf,.„iua to Table 

bud the value of K : Odioo"’- sJbati- 

■rable 31) wo find the value of I for H d » 

,,,tin, tbe». value, m the formu «. «e 

...dl.), lind the ,ato load of the joint to be 292 11.. 
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Fabi.k 32. fir K 

Kiml of Matorinl 
I>»iiKlr'af vHlow pan- 
Miortlnail yoIliiH pim- 
( 4*<lar (\\ tmifni nf^i ). . 

U hitc pinr 
Wm. 

Hickon' 

A 

Oak (whiu*t , 

< Vpreai 

i^’UKlaa fir.. 

Maple (ailver). 

Tamarack. 




>a F*»rwv lu /*, 


• « • * 


- Kit** 

B aiuns for A 
l,M) 
i.iai 

<JOU 

900 
I.OlO 
1,010 
I 700 
1.3.V) 

1 rjo 

I .010 
1.010 
I 230 


TiBi.K 33. 

Sin- of ' 
■<<1 
0.1 

8.1 

lai 

12.1 

10.1 

20.1 

30.1 

40.1 

fiO.1 



\ AM KM r.iK //» rOK rnK IM thk Kokmi 

H<»u.i.'«o l>o«iR or 


*-* ^** f tKV 


7/** 

0 0311 
0 OSMO 
0 (M74 
0 <W70 
0 0A70 

0 0M2 

0 OMl 
0 04*42 
0 1068 
0 1349 


103. Spacing of NaiJs in the Tnint < 

nile to Mpur-o ,uul« no cU^r t. 

-alerial. If tL l^ri’ ‘ «n the 

fact, that the stn^nKth^ nailed idnu"^ Have alumn. In 
<ent hy the mldition of 50 x^r cent m ^ P*t 

in e(*minon practice. however, than are 

wcr!!nfT«.,. 
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increase of over 50 per cent when compared to unclinched joints 
made with the nails extending through. By selecting nails 
having the proper length to remain embedded in t»ie piece without 
showing through, a joint can he made that will hold slightly more 
than one made with longer nails of the same diameter driven 
through the piece. Xo test data are avaUable, however, for this 
difference. It seems that a 30 per cent increase m strength for a 
properly clinched nailed joint over one made \\ath the short 

nails would be a conservative estimate. 

In the tests mentioned, four sets of joints were made with the 

use of uniform stock, size, and number of nails. On one set the 

nails were clinched with the line of pull on the piece on which 

the clinching was done; in another set the 

across the grain at a right angle to the line of pul in the third 
Troup the nails were clinched against the line of pull on the piece 

on Thich the clinching was done; and m Y' The\Tld- 

were driven through and left without being clinched The hold 

ing power of the joints decreased in the order of the groups 

"^YnTTample in practical constmetion work will be helpful, 
ut g^Xacticle to „ai, the i-aata W the studding and d ttas 

i„ done the naila -ouhl he hunt up on "d.ng , P 

the best jiractice would be to di These should 

„„„ the end and t. the -tetde ot the 

::^::td‘'t:^::i:ri.=i^:undot,,athe^^^^ 

eut foi- tl,e ,« ;l:'nm„„.ork in .nodern hnihUngs is 

106. Bolted Joints.— 1 he ftaincvN or (.ouibinn- 

„n„|e up of 2-in. Jl a bolt depends on 

the stp-ngth of the woo<l tl,e the holt, the 

with the wood, and the di.sigi romput* the holding 

'Phe following formula may be used to compu 


power of a liolt-. 


/K , KA/f 


(24) 
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» here — safe load of bolt in pounds. 

A' = constant varv'ing with the wood (same as for /' see 

Table 32). ’ 

.1 - projected area of wood in square inches in contact 

with bolt (length of bolt in the wood X diameter of 
f>olt in inche.s). 

A = ratio of length to diameter of bolt in contact with 
the wooel (piece with leiist thickness) 

1 he values derived by use of the formula P, = K\H must be 

L r T “ »'■<> foresoiDK 

I nu a 1 ^ oftf t lan 4. ny <-hanfEP is requimi in Pt If li fal|c 

4 and 8, C. |,e nalneod oO per cent. If l/L i et s 



^ 1 . I 4 





I la-value yf ft, must be reduced 66 per rent lu 

vomputed to tie L"?, ‘‘T' f “ of C. 

IK'r rent. requirements for ft must be reduced 50 

107. Spacing of Bolts in a Toint 
‘ I'-^er than 4 times the diameter of’the 

holes for bolt., shoidd nl/d^rb^"””" 

than 2.5 per cent. croiS-s-sectional area more 

increase t^etohhll^'pl^^r o7l 

deis-nding on the type of Por cent 

"orkmandiip applied in installing't”«rFiy “"-4 I'" 

oJ connectors). ^ /4 for illustration 

and Problems 

’«• A joiat t.f vi-liow p,i„. •> },v |.> • 

'tud. 1 ,, 4 * l.y f;. , '‘^**'*‘1 K* a 2 - l.y IJ-in. y..|low-piu,. 

™n “'"'Id i.-d'.'T.^rrr, 

h"* Uy„ „.d,d ' '“d "u th- Jiiint? It . 2- I,,- 

s the .lailJaie „,.„iedi.lely W„„. 
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joist, using three 16d nails, what would have been the safe load? Could the 
same number of nails have been used to secure greater holding power? 

If the joint is made using 3»^'-in. bolts, how much would it hold? 

If special connections were used with perfect workmanship, what would it 

liold ? 

98. The bill of material for a building calls for the following material. 

2,300 ft. b.m. of dimension lumber 

1,400 ft. b.m. barn siding 

2,330 ft. b.m. tongue-and-groove flooring 

21,000 wood shingles 

Make a list of the nails that will be needed for the job. 

99 Two 1- by 6-in. pieces are nailed together using 6d nails 
according to the rule for spacing and clinched to secure maximum holding 
power. How many naUs could be used and how much weight would the 

joint hold? 
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CHAPTER XXI 
CONCRETE 


CEMENT 

109. Concrete is a product made by mixinR ocincut an,I tvatiT 
paste »Itli an ittcrt material knot™ as an aggregnte. |„ describinc 
a im.x, the parts of cemi-nt and jiarts of agRregate are tistmllv 
expre^ the manner I-.3, indicating that I cti. ft. of cement 

or 7 of'Vhel' I ' Concrete is dtsiigned to meet any 

me t J durability, resist- 

an<e to w<*ar, and waterproofness. 

cement is one of the most carefully made manu- 
facturtsi pr,duets. .-V very small percentage of the failurr!^ 
concrete work can la. tra.-isi to the cement factory In the 
manufacture of |.„rtlan,l cement, lime rock must be quarried at 
crttshtsJ to the fineness of ordinary flour. It is then ^ixod with 

tem'ia.rltureTf^m 2 ^'“ 

bate.her and go ct.r:/c„::i: i,,r ^;hi,T:m!: 

iXe of'-gypsum ,;i,ler"ir m" t urn 

“r dtiplenr i! ;tn':t,y 

anmwZ^i^i'c^mget!,:;:;^ 

‘»n the ground or on a concretf&ool 

time, for it will come in contact with ean ii ^ 

ttround and its quality will "^^i^ture from the 

tfravel, ^^.7Ce% m o,hrma°S?h.?"lL“ 
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rrmont to fonu concrote. TW use of a ra-ofu ly preparo.1 
romont with poor aggregates is a wa.'^te that shoulrl he aAoide< , 

for an inferior quality of eonerete is sure to result. 

112. Qualities of a Good Aggregate.-First, it mu.st clean- 
that Ls reasonably free from organic and vegetable matter silt, 
or clay’ The presence of silt or clay in aggregate used for making 

mixture ie brought to the surface ,n trowelmg, and ‘he result g 
surface will show wear and become rough and pitted, thu. 

"Tgr/ate: :;::^;urs *rp, which. on,.—w..^o, 

saying that they shouhl be of good ’'y; been worn 

smloth in the proeeas of erosion. Shal^nst he -0. ^, o ,t 

„.in not furnish a bond or est^^ 

St reiigt h needed in concrete. L oncrei e w u 

that, the aggregates from shall be variable 

. ‘“u r;— -I 1 ?Uenient. they can ho 

m'or.:ti.::; and thus wi„ 

Vewer voliU will he found - that clean 

thus be of better (lunlity. It , 

water (sufflcieiilly ‘''™' “‘ ^'." '1'ining the amount of sill 
113. The Sm Test.-.\ tes tor tlcUrra 

or clay in an aggregalo can be „|,solntely 

i,„.x,,en.s.ve dolose enough check for all pract.ca 

,rnIt jar. Place in tins |ar 4 m. of 'he 

A,Id water until ‘''e/'ept ‘ ,|,p r|„y ami sill 

Sert^w the lid on the jar, i ^ Hides (This usually requires 

... wtuthe.! olT Ihe sand part '- O' 

about I min. of shaking.) .,,||iiihesilthaasellledoulot 

the water. If yon Ih.d i„ reinforced work, 

such as posts, tanks,or (see Fig. 7.^). 

surface is dcsiro.1, unless the ^ .m,i „„t pracUca 

A 1-ht.t- "-h-F y," he ttsed to get ri.l o, 

t„i the average 1 arm. On. m. in 


CONCRETE 


175 


some of the silt and clay is to wash the gravel while it is on Ihe 
wagon or truck. Apply water to the top of the load with a ho.so 
or bucket, letting it wa.sh through the sand, and drain off at the 
bottom of the wagon or truck bed. Apply water until it runs out 
of the bottom of the load in a fairly clean condition. Shoveling 
the material as the water is applied will aid the work Where 
sand or gravel can be piled to allow a sea.son’s raias to wash' 
through It a much improved product is obtaineil. 



shakl^ ^ S€¥f/Jng 

75.—The silt test. 


114. Amount of Water to Use in Concrete_if : i 

I«n developed and proved Th^ I "’“''’-"7^"' ™«» ha.s 
Siven materLs and ZdWon, of f J'"-' 

long as the mixture remats i t ' ■ so 

gmdee of concrete require dM^ntre*, orwatw 

The greater the pronnrtinn nf „ + .t ° "ater to cement. 

quantity of sand and pebbles that ra b ‘’'® greater Ihe 

uument and, of course thr w ,u of 

concrete. Table 34 gives the Drone " **'’'’"***' “f the resulting 

■lifferent classes of fam wtk T “.77 “ f'"' 

that the amount of ™ter -Hed L 7 7" ‘““o 

ceduecd coasideraWy where wet acvre 

amount of water used per sack of oT 7*7 "“'''I over tl.e 

After a trial batch berm^e?77 "k"', 
can be cheapened by adding more sand ot n“m““ 

.. ““ f-'-c“:!,zs!rth: „rimu!: 
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amounts of these aggregates should be used. A mix must be 
\vorkable before it will go into the forms and make dense con¬ 
crete. Caution: Water must not be added unless cement is 
added at the same time. The water-cement ratio is fixed and 
must not be changed. After the correct proportion between the 
cement paste, the sand, and the gravel is determined, a measuring 

Table 34. —Recommended Mixtures for Trial Batch* 


Kind of work 


Ciallons of water to 
add to each one-sack 
batch 


Wet 

sand 


Average Dry 
sand 1 sand 


Footings and foundations 
below ground, retaining 

walls, etc. 

Watertight basement 
walls, manure pits, silos, 
dipping vats, cellar 
walls, feeding floors. .. 
Water tanks, septic tanka, 
cisterns, driveways, 
posts, chimney caps, etc 



Trial mix for first trial 

batch 


Cement 




1 


Sand Pebl)les 


; J iwn™. l'.™ *"""•■ 


|,.,x Will bo foun.l to bo a timosavo,-. Tho box »houl, bo mad, 
largo onougl, lo liol.l Ibo IJobbliM used m ono 

„f sand nood,.d can bo workod out and the box fi _ ' 

noint for each batch. Where a power mixer is used the prope 
nronnriion of oomont, sand, ami rook may be aeonrod by conn 

rilotla of 0 «.b noo,l..d to obtain the ..uanl.t.es cleaned 

H'lshown in Fig. 70 that tho strength of eonerete varies from 
, 8,k 1 , a 0 .ar. ineh, where 8 gal. of water are nso,l per saek 

He ,a-r .. im'b, whore 1 gal. of water are used po, 


sack. 


ESTIMATING QUANTITIES OF MATERIAL 


,n estimating the Muantitics of niatcnal nccdc-d 


work, olio of tliri'i* 


methods may lie employed, 
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<« tkm’ kiad 


iMrti and itir atxunM-v ttr^tinl in itif 





WWe • tukfi, aurecaw u uHd (.(ih.. , 

» fon», .. s™ If , 

► 'VlwniiB,,! w ..l.iinit 5 pa, o™. 
!■ (•). A lau mix la uiia in n hirh 

Ik. IfkUlmixi, 

th. «Ur (m ct 1 . I.) ,UI Im -uffirianl. („ To 



tna 


cTrUrrir •" •<-»'« 

_kunm.loc i. lha 

•B'**.!. a Ik. ai.■' of ih. 

FkAainaT* *** “"»• actncalM «n wpvatn,) „„ 





f 


M 


C 


<• ^ r 


a^ - 


27 


if 




rr~frn ^ iiM*f** ^ wwrrrte 

MMt IB U» mix. 

^ mod im tlm mh 
p<aaik,«tMci <d rotfc m thr mt« 

l» "•bi'nri of 









ITS 


HI II in \t M HHI 


Aftrr .IcIPi-rnininn tl.c s^irk^ of rmu-nt. ruhir v:ir.N of ainl 
;m<l cubic yards of r.H-k cubic vard of .-..ncrrfc tbc 

ain.»unt of o.-u h may l»o computrvl. 

117 Absolute volume method i!' aii luiuniic nH-tluKi tor 

(^timatiuR «iuaiUiti.>s to lx* u^.l i..» lo\y^ "here the s.w- of 

the undertakiuB will warrant the extra computations uivolv,-<l. 
'Phe (luantities of materials in a <oncrete mixture may la* deter¬ 
mined accuratelv by makinii use of the fact that the volume of 
concrete produced by any combination of materials, so long a.- 
the concrete is phistic. is ecpial to the sum of the absolute volume 
of the cement plus the absolute volume of the awEregate plus 
the volume of water.' The absolute volume of a lo^ matenal 
i.s the actual total volume of solid matter in all the partnh^. 
This can be .omputed from the weipht per unit volume and the 

siiecific gravity as follow'-; 

unit weight__ (2<i) 

Absolute volume = ^^cYfiTgTainry X unit weight of w ater 

in which .he uni. weigh, is ba-se,! on surface .lr>- aggrega.e. 

Water weighs 62' -2 lb. per cubic foot. 

Th nreihoa can bes. be iiius,rated by an e^mple^ >up,K^ 
.he concrete ba.oh consiafs of one - cn.^^ 

~.i= 

mon aggregates, about 2 . 6 o. I he « 

bv the foregoing mix is calculated as fo 
% 


Cement = 1 cu. ft 


94 


X 62 


Fine aggregate* = 2.2 cu 


■ ( 2.6 


110 


tVi X 62 


0 49 cu. ft. 

absolute vol 


_ W 1.46 cu. ft. 

absolute volume 



100 


t'oarse aggregate - 3.6 cu. ft. I 2 ^ X^2 



= 2.18 cu. ft. 

absolute volume 


, ..r>s.gn and Cn.nr. of Concrete - p, .*■ -rdthuni Cen- 

rVssocifttion , Chicago. Ill. 
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Volume of water . . o.93 cu. ft. 

Total vnliirra^ t absolute volume 

lotal volume of concrete produced = 5.06 cu. ft. 

1 hus one sack of cement produces 5 06 fn ft t 
neglect,„g abaorption or losaee in manipulation ^LTment 

pmred for 1 cu. yd. of concrete is, therefore, . 5.34 sacics 

:,nir“ 'Zt ZZZl IT Z 

nn.ber of cubic f.t StroH:^t C 

fine aggregate - o ua ^ j 

27 - 0.44 cu. yd. and for the coarse 

aggregate — X 3.6 


27 


— 0.71 cu. yd. 
Questions and Problems 


100* (a) A certain job calls for fi troi t 

" hat percentage would the durability of th sack of cement, py 

* sack of cement in^tead J 

extra water in SS lW(aMf noTe addition of the 

101. (a) lATiat is the v.Vm t ” aggregates were added ? 

sack water-cement ratio when dry cement with a 5 gal -per- 

(^) With a 7-gal.-pe"sLrrat[^^^^^^^ ^-^one are used? 

‘‘t Tt^eLZT [7Lr' ^ ^ -• 

'ag rods at 3^ cts. each, and the labor cost is 1'^ ^infore- 

foundation and floor. The foundation is 4 in' <^oncretc 

P aoed on a footing 6 in. deep and 12 in wide'^'^^Tr'l^-® 

placed on a 4-in. rock fill. Specify the mix for I ««««• i« 

sand, and rook needed for the job. figure cement, 
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CONSTRUCTION IN CONCRETE 

The fact that good materials were used in the proper proportion 
does not ensure high-quality concrete. There is still a definite 
procedure to be followed in order to get good results. 

118. Mixing Concrete. —The strength, durability, and wearing 
quality of concrete may be increased by proper mi.xing. Figure 
77 shows the results of tests in which concrete was mixed 20 sec., 



Fig. 77. 


123456789 
Time of Mixing in Minutes 

Effect of time of mixing on strength of concrete 


40 sec 1 2, 5, ami 10 min. It is eviJent that the .si length of 

the coic^te increases as the time of mixing 
min After that amount of time m the mixer, little 
strennth is secured by additional mixing. Increase in t-trenKt 
is rapid u^ to 2 min.' and for most n ork the additiona quait^ 
secured tvUl pay for leaving the malenals in for this long 

‘'"smiie prei'antioas must be taken in placing concrete in oreler in 
se^rbLt results. Fornm shot,hi he /".J orotig y or 

to prevent too much alisonition of raomture from " * 

The material should be placed as soon as posstble after mixing, 

180 
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i.il should he placed in even layers in the form and should he 
ue spading may cause lamination. A roueh surfar-P nn r 

in from 8 to ,0 hr! and in cTdChit 111! t •Tr‘‘ 

or a troweled surface TKo i u u > i ^ floated 

edger u*d tC tConcCtCt C 

until the f C*™'- in used 

Ion-, leaving a ml^tClyrerf^rplr tt 777^ «“ 

the surf": hasLn « Thf 

be used to straighten up the edees^^^h^^ should again 

to prevent too'rapid TrytgIT' ^^ould he covered 

troweling concrete is to secure a unifo floating and 

rich coating of cement to the surface ^ 

cover. provide a good wearing 

proper setting of^con^crete- Sie for the 

able temperature at the time the To I a favor- 

ehanges that take place requL th: '' 

Jt IS not supplied the action will be onCmT and if 

concrete will have only a pronortiS f ^ rompleted and the 

moist earth or straw will prevent ranid^v”^^^' • of 

out. This covering should he kept wet f ^od drying 

An ennh dnm may be S CXCCo!: 
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c,r walk and the concrete flooded with water. Tlds practice is 

often followed in concrete road constmetion. 

Fieure 78 shows the effect of keeping concrete moist ^\ hi e it is 
curing. From this graph we see that concrete that is allmiec 
to dry^ out as soon as it is placed has a compressive strength o 
1 AW lb. per square inch. Ten days in damp sand almost 
doubled the strength of the concrete, indicating the important 

C«.rof “seSn “"dependent on the ten^peratu.. nhich 
mmt always be kept above freezing. In placing concete during 
cold weather, the aggregates and water should be heated and 



cSOOO 




1000 


*0 20 AO 00 80 100 120 

Sioraqe-Daus in Damp Sand 

ed bullir Storage until Tested. Total 

^ Ag® 4 Months. 

Fio. 7 S.—Effect of moisture on curinR. 

j * Vir\\A this heat while it is setting. For 

concrete covered to ho ^ weather, 

ordinary work, however, t is bettex ^ 

since there is danger in cold vea - „ curing of conci-ete. 

Figure 79 shows the — ,,, ,,,er 

Setting or curing of cone ‘ increase in temperatiii-e. A 

chemical actions, is increase J ^ secuivd on the average 

much higher grade of concrete vork is 

if it is done during the '^f^^expands and eontraots at 

practically the same rate as ^^„,rete to increase 

changed; therefore, steel may ^ ^ ^hown 

its strength in tension. n ^ particles apart on the 

in Fig. 80, there is a tendeney o pull the P 
bottom and an equal tendency to press 
























((>i\,ST/iirc'T/(tx jy coxcHETK 

-at In '■. .. 

l»-llinK anart iear r* 1 the beam ^vould fail bv 

I " 'ing apart near the center r,n the lower aide 

11 tlie proper amount of afeel is embedded in flw. 
the bwer edee it i i i ‘ " coiicixde near 

edge, ,t uould be possible to add ten times the first 



Fia. 79. 


A fi . Md 28d 
Age a+Test (Log Scole) 

Lffect of temperature on curing of concrete 


1 j -..4is wt concrete. 

load or more to the bpnm 

The best rule to follow in pladri^Ur'"^ "')• 

steel where the tension will come Jn a 

may come from any side and strain 

placed at the corners (se^ Fig 82 "'*'^ Th' ^ reinforcement is 

This reinforcement should 



-r r - ar- r.rr - a 

concrete covering over the steel fn ’ ^ecessai^^ to have a 

, 'W tank, be“ «atheri„g. 

-reakine whan tha water in the tank- f™"' 
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122. Kinds of Reinforcing.—A licavy grade of hog wire has 
been used with more or less success for reinforcing feeding floors, 
tanks, and silos; but regidar reinforcing steel is much better mate¬ 
rial to use. Wire is not good reinforcing material because wire 
will stretch when a strain is applied. This allows the concrete to 
crack, admitting moisture, and the wire soon rusts. This is espe¬ 
cially true in concrete posts. It is the opinion of men who have 



F,o. 81 .-Concrete 

was required to break this beam, w i e shows the value of 

failed under a concentrated load of 60 lb. tsee rig. ou; 

reinforcement in the proper place. 

U8ed concrete poets that't " payjo ma^e them^"' 

r:^r8~ ^-rt :ona i.th t—^ 


-- 1 1 • J 

ware company in any length desired. 



,, J^bepe. ,or concrete P».., -bo^n, proper pl.clna o. relntcrrc 

123. Conc,e.eProducts.-Cnncretep^^^^^^^^ 

in many sections ot the conn ry. j.„neretc staves for silos 

facture concrete blocks, concre , residence or in 

and bins, and precast concrete °'T ^ „ade in 

barn construction, g by 8, by 18 in. Half 

two standard sizes, 6 by 8 y ' these sizes to 

,„.,as and : a Cndcr bloc, is 

facilitate construction. A proau 
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nm.le in sume plants. Cinder block., are ntade from cement and 
screened cinder,, mixed in the proportion of 1 part of cement to 
. part, of cndent. They are light in weight and hate excellent 
in.,u a mg t alue. .Vails can be driven into the blocks for fasten- 

Z T"*n recommended for „se in 

one-s ory houses, and, if of good quality, they may be used under 
conditions necessitating heavier loading 

Co^Me bricks are made in standartl sizes, and if of good 
quah,.t;; they can be used at any point where clay bri’ck w ould be 

Precast concrete joists are u.suallv de.,igned for ili in sn • 
orir iolst"'™ reinforcing depending upon the leS’ 

^-recuse in^i!:- 

Questions and Problems 

same increase in " necessary to secure the 

and the one shown*” ‘he beam shown in P'iK. 80 

U' placed? The^S-al7eirforc"ng?*‘"’'^ reinforcing 
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COBBLESTONE, CONCRETE, AND CLAY PRODUCTS 

124. Cobblestone.—In many parts of the country field stone oi 
good quality may be secured for building construction. Struc¬ 
tures built of such material are permanent , the maintenance co.t 
is low the first cost is usually less than for other types ot construc¬ 
tion and no great amount of skill is required m laying the stone 
into a satisfactorv wall. Many farmers in Missouri have built 
milkhouses, poultry houses, roadside markets, barns, and eve 

dwellings with onlv a little help in starting the work. 

126 Selecting Stone.— The more durable the stone the bettei 

than an ordinary vvall and foundation trench at the 

bottom. It is also importan to ,,,Us. A 

frost line in order to residences generally 

,,avc a footing 18 in. wide, lootings 

siqiport icehouses, ^ j'^riieto form and especially 

be taken to get the foundation load-bearing 

to give it a flat bottom. ^ 1 ‘ j.' ,.,,,.1^ is mixed 

capacity. In ["""^.Ipliris'^properly followed, a goo.l 

with the concrete. It this pi nist A coinnioii 

foundation may be built at . . ^ ^,^^hy 

o^: ::ea. .l..™ .. 
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l".nr,l „f rork. b In slarl wifi, 

f. Invar .,f rom rola „,iva,l i„ „ „„..li„„, „r „,„s|,v ,.„„sis,a,„.v 

|.lao,.,l „n ,1,,. „f Ih,. Irourl,. P,,, i„ „ |nv,T „f rafk ll„.,i 

„ „,is wav a noli,I „.ans of i.i,,,. n„.o,!^,l! i" 

^urenl. af,,l a, the same time a large amounl „f rock is^ised 

Iw laill," ■> f<>™> f- '"e insi.le of ,he wall aho.,1,1 

Ik Imill as show,, ,„ f.g, 83 a,„l ,he„ a row of stooes- lai<i i„ a 


2^x4"Upriahfs to 
fa// wa/i heiffhK^ 


/^'xS^ Sfrips- 



Boards 
No/e-^ A/'^xr 

sfrfp at 
corner pre¬ 
vents boards 
from binding 


Braces 


Stone 


F i«. 83.—Form for robl.lestoru. wall, 
mortar 1 ,h| for the out.shle form TFo 

liourwl f«>fuc*en the in.side form filler is theo 

■clones, be sure to break joints to secme a\'-^ placinfr 

KK possible, the effect of horizontal lave^ “ 

lath and plaster or fa.s,e„ wallL d I “ 

•o Ihwe furring strips. The furrin Ulterior covering 

small wooden block.s placed in iK ^i '' nailed to 

;^^on. ThU provides ^^ab ;"a:XT .;:'^ ‘'7 
nor covering. This air .space is a ar 7 

—tion of -sturr:: Ve 
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127. Reinforcing.— Hoinforciiis rods slioiild ))o Iniilt 

wall at the corners and at other in.ints where the wall wdl he 
subjected to bending action. Window lintels and the space over 
door frames need reinforcing, the amovint and kind depending on 

the loads to be carried and the type of frames used. 

128. The Concrete Filler.—The mixture suggested for use in 

laving up the cobblestone wall is 1 part cement, 2)^ parts sand 
and 2]i parts gravel. This mixture, with enough water added 


Furring strips* 
ie''or24'’on centers 



^-Plaster or 
waHboard 


^-Lathing on 
furring strips 


.2''x2''Blocks set 
in flush with wall 


F,,.. 84..^k. l-iH i"to •k- »•'> 


a mushy eoasistency, 

tight concrete. Where bank-run ^ ^p^^ent to 

parta of bank-run matmal J abo t nghb 

will uaually not “r^t on the job. 

cement. Use the consistency 

1,9. outaide The " are -monly 

the outer surface of the all.. ^^^plus 

known as potnlexl ^ trowel after it has hard- 

mortar is raked out of the joi ■ method practi- 

ened enough so that it does not smear. y 
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cally no mortar remains visible in the finished wall. In the 
pointed work the joints that are raked out are filled with a special 
mortar that seals each joint. This special mortar i.s maTbv 

mTteH 1 to 2 or 3 parts of .sand. Mineral coloring 

materials, finely ground and thoroughly mixed in the mortar 

may be used to produce colored joints, if desired. ’ 

i.s tot ""k 

3 important if maximum strength is to be obtained If 

oohi,io.,i„„o .all, arc o,„„,e,i ,1. ,„n .. j.! 



Fiq. 85 .— a cobblestone dwelling. 


tho wall, .ill d,.y "Ill ovap„ra,a, an.l 

tlic wall ,houl<l bo sprinkle,I L ,o„., ! It t "■“IX'rali,,,. 
Stand such treatment. The work should h to 

early hardening period of about 6 to the 

.00 11.10 wa,o,. ‘ r- .0.1 eon. 

Construction.- 

feet may bo see,no,I and the number I '“'‘ie 

- - -I, eu. it. „i it:: 
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foot of wall, and for a 12 -in. wall, 1 cu. ft. wagon-box run ^nll be 
required. The amount of concrete mortar needed will vary 
considerably with the stone, but in most cases the volume 
required will be about one-third as much as the stone. An 
attractive cobblestone dwelling is shown in Fig. 85. 

CLAY PRODUCTS 

The value of clav building products is dependent on three 
things: the kind of clay used, the efficiency and skill of the manu¬ 
facturer, and the design of the product. Clay is stable 

product that has been formed from the disintegration of feld- 
spathic rocks. The chemical symbol for the clay from iihich 
brfck is usually made in A1.0.-2Si0.2H.(), but it is always 
mixed with impurities such as oxides of iron, calcium, magnesium, 
potassium, sodium, titanium, and siUphur. During geologic age.s 
to dlv ha, been moved by upheaval, of the eadh a cra,t and 
n the rind and water, and much haa la-en depoa.ted jn atrean 
lake ir] ocean beda. In aome placea it haa been *'>hjec ed 
intense heat and pressure. Clays, as they are found, fa 

l:Lny,“It deeper level, and ao called becauae of their refractory 
m^Lick -Brick olTera many advantages a, a material for 

„uilt into almost any shape or type o ^ J 

ample strength to carry loa,la instoiion They 

are comparatively cheap m locaht.es 

be shipped long diatancea, m " _ gt,„,ia,.dimtion‘in size and 

the c,»t is considerably higher. T he d..naa. ^ 

(piality enables the designer P j 234 bv 3 ^i by 8 

in. is .^epted by manufacUnera as f ,he 

blight vaiiations from this standai cai^ ,,i,alily 

s.rncture by varying mortar joints. .\ ! f,,,. 

laid in cement mortar .J ’as nearly 

reiinires little maintenance ai d that can 

Brejiroof a. is possible m larm buildings. 
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"«• "Ml. . ho i. willing 'io’l™'r' '’7 
(hr r,mt bU 1>„,|,|„^ f «ih 1 .-aK. r l,> rr<|.„v 

Muffif-initly arrurai*' inli • ii iHlxtri'rs ran <b, « 

no rxpmaive U^wr »U1 

««Mid piw uf roorrwf ntwic r.n I . "'i 'lo a 

if he will Hecun* a few iusirucr^ * 

nol .Jl br even, lail tite mJl «!.i n 

fmrm buiblnyp. * ’ **«'*'‘»ni< ii„„ ,»f 

133. Kinds of Brick !■'.«■ »k 

bndc. Hi. „r JrZ 

u-e of fa^ o,li.r 

- TW may U ma.k- 'JV ''"‘ k nill 

< pmduru ,»Uni. „, maiiv ZwlnZ • 

;iu*l“y (V Iwirk nmv »W riaj;, t r f 

1“"^ ^ i. partly in ,r T*^’ “r hanl- 

rUy often ""'‘‘".T ‘ '-li'-n- 

*mouin uf .hale or v.tri/v., i ‘*nrk. If « 

or ^ itrifi.^, hri^b rNmlu. S.,f, hrirkV^ T 

**n^k. aa.1 a mixturr «jf the tw(. i> han, 

• ..II ., ,h„, ^ ,.,tr«,^v'h , ''“>' "'•' "‘“k" 

Iwnnn^ ■>>«««. ,h„ .|r.. Wk ,,f ‘' «-m,. 

■---' H-h 

— -... - 

1^ Methods of Manufacture ~ Tv . 

•hate Buaturr. », finely Kr.auMj an,, '**■ ‘ and 

“d:;' '• ‘'-"-i Mujs; - wii-i u„,.,. 

rnnH^T'”' "*** "“• 7 “"* " '" 

- » *»«“»" urouirf 6 . 0 , ..oi „i * ^. 7 ™"' ..„,(,no.i,.. 

• ••' o, .6, 


102 


liUILDIXG MATERIALS 


st iff-mud process is probably used more than any other. 1 he stilf 
mud is forced through a die of the desired shape and the units 
are cut to length bv a wire being passed through them at the 
desired point.. If the die is 3^ by 8 in. and the bricks are cut off 
to a thickness of 2K in-, they are said to be side-cut. If the die 
is 2J4 by 3M in. and the bricks are cut off in 8-in. lengths, they 

are said to be end-cut. i - i 

After shaping, the brick are placed in a drier and allowed to dry 

out slowly to prevent checking. When dry, they are stacke< 

carefully in a kiln and burned. , , • , i • ri or.,1 

The slop-mold brick and the stiff-mud brick are dried and 

burned in a similar manner; the dry-press brick can be trans¬ 
ferred to the kiln directly for burning without going through 
the drying process, since the material is dry when pressed. The 
brLkB are spaced in the kiln so as to allow tree c.rculat.on of the 
heated gases. When heat is first applied there is a period of s 
“ water snroking” during which time all the 
out of the bricks. This is followed by 

ture continues to rise, various impurities in the clay are oxidized 
and in the final heat the material is brought to various ^f^ges « 

vitrification. At this point the temperature ^een 

2200-F. When the desired 

t T::^rBrTck:Tn':t’tlngTck the purchaser should 
esjec,- tmiformity in .size and .shape to 

:?rrrinLati:n or.L — and stre^^^^^^ 

(lualitv The general appearance, the absenc 

percentage by weight of „„ter lor 24 hr., 

“ Tbr:,!! r* not more than •« P- oemt— b 

structure near the surface of the ground. Absorption 
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m. M^ - Tr '*"^‘1 Ix'pv™ Ih, ...rk .t ,hi. point 
i-oluiM; t. ooii].i(iFml bv btlilXiTw'hr^ *"*' ***' •’X 

nukf • hi*h.*rmd, prod^ \ mi. of 1 *''• 

Th..d.li.iooof .b,li,«.d„,««,,L „^ ' .n,rtor. 

thp workability <rf the mortar T and inrn>a«tw 

^ be krp "mo^etrTr, at 

•srtion*. and il tbe brirkji an* dn* :# ' ^ mortar m iii thin 

of «n.puu.K*.Tj,T^l . u 

J«ni will CIV. ,»,oper amomii. in mo«t cio,«. 
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ld«d or AlJ-Rolok W«ii i 

to havr walL. m-ith cu^ in*,’.! !“ '"‘”1 •< w 

Rood iiwmUtinc value ao.l .u.. 



I 
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poultry and hog houses, machinery sheds, barns, and even 
dwellings. In this wall all the bricks are placed on edge, making 
a 3H-in. air space in the center. The air spaces are all connected 
and permit some circulation within the wall. This type of wall 
requires approximately 9 brick to the square foot of wall, as 
compared to 12)3 when the brick are laid in an 8-in. solid wall, 
and makes po.ssible a substantial reduction in construction cost. 
Also, the insulation value is considerably higher than for the 

.solid wall. , • I 

Tests by the U.S. Bureau of Standards show that the ideal or 

All-Rolok 8-in. wall, constructed of soft-mud, sand-.struck brick, 

when well laid with good 1-3 mortar, will carry an average of 

957 lb per square inch (gross cros.s-sectional area of wall). 

Used in smaller farm buildings, this type of wall gives a great 


factor of safety. . r *• 

The foundation should be laid up solid from the footing, as 

shoivn in Fig. 87. At the floor level the ideal wall can be started. 

The width, as well as the depth of footing, will depend on the load 

and the bearing poiver of the soil. 

Basement walls may be covered outside with a coating of tar, 

or they may be plastered with mortar to help keep out moi.sture. 

A drain at the outer edge of the looting is desirable. . 

138. Rolok-bak Wall—When a regular brick finish is desired 

on the outside wall and when increased insulation is desired the 

Rolok-bak wall is very satrsfactorj- 
(Fig. 88). In this wall six courses are 
laid flat on the outside and four courses 
on edge in-side. A tie course is then 
put in place. The process is then 
repeated until the desired height is 
reached. This wall requires an average 
of lOj-2 brick per square foot of wall. 
Te.sts by the U.S. Bureau of StandarcU 
show that the Rolok-bak 8-in. wa 1 

' _ - .. - constructed of soft-mud, .sand-struc^ 

-Mor^or bed j^id with good 1-3 

Fig. 87.—Footing aii.l f.niixla- ’ .ovrAratrf. of l2()ti 



tioa for idnil wtUL 


_ mortar, will carry an average of I2()ti 

lb uer suuare inch (gross cros.s-sectional area of wall). 

m Building Blocks.-Building block,, offer 
tages over brick tor son.e buddings. They come m larger un.t. 
































couhlestose, conchete, awi) cla )' Hionucrs 



;inrl, f»f roursf, lay up fastor in f ho 
liighor insulating value, deppuHinc 
and fh(> care used in laying them. 


" all. They may have slight ly 
on their de.sign, their fpiality, 



tio. 88. The Rolok-t>ak wall. 


for u,e i„ an 8-i„ S a| !rh, 

-tee for a 5-i„. wall wLe loIT '“i.l on 

are -old in two „„ali,i«. the re,lZ™«Umf,ho'vitrifi"!; 



Fio. 89. 



buildina Work. 


«IUgataMld„°fa„d doorlfme! I,“u n 

rge. siae. .Most companies manufarfnre 
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what is called a jamb block to fit against windows and doors. By 


using these blocks window frames can be recessed and a better 
fit secured. At the corners some special type of block is recpiired 
to make a closed wall. One type of common block is cut partway 



Pjq 90.—Cut block that may be broken and the piece turned to form a closed 

end. 


through before burning. The cut is made 5 in. from one end. 
This block can be used whole or broken with the cut end turned 
to close the end of the wall (Fig. 90). Another type of common 
block is made in either 8- or 16-in. lengths and has vertical open¬ 
ings in the block instead of horizontal openings (Fig. 91). 



Fig. 91.—Corner blocks with vertical openings. 


A concrete block known as the L-block was developed by Profs. 
J. B. Davidson and H. Giese at Iowa State College. It c^n be 
used in either a single or double wall as shown in I ig. 92. i h^e 
blocks are made with a face on the long side 8 by 16 in. and the 




TTtn QO 


in sinffle and double walla 


face on the oftect 8 by 8 in. The thickness is about Vj in^ 
Between six and seven blocks can be made from 1 cu. 

concrete. 
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inon brielt spll for about *52 Dor lb foiiBtrurtioii is ufloil. fon,. 

aiul labor to put thom i„ pS-r « b, T n 
108. What i, tho comparative cl a„ He T,“'r‘ 

wall, an ft-in. ideal wajl and an 8-in lile ii “ “ "Illy of an S-in. mdid brick 

coat *60 per tbouaand ind .luU26 1T ‘ 'irThe tile 
lay them, tiivc your anawer 

lixplaln. “"'''T '"•"■'I f«'f a l>rick inanufactur.n, plan,a 

c.chir'i:,r,:ndtl,\llT/"-7i'oa- .. 

8 ft. biKh and 32 ft, ^ »-< «. budd a wal 


"lirick Engineoriiig,” Vols I hihI TI f 

riation of America, Clevelat.fl OhL'’"'"'"" 

V A UGH, Mason: Keinforeed brickwork l/„ A- i.- 

37, Scries 28. ’ * ' \'ol. 2li, 



CHAPTER XXIV 

SIDING, ROOFING, AND INSULATION 


SIDING 

141. Wood.—In an earlier chapter on utilization of different 
varieties of wood, white pine, cypress, redwood, and walriut 
were recommended for outside work. These varieties take paint 
to good advantage, but even if they are not given a protective 
covering they will outlast other varieties under similar conditions. 
There are two general types of manufactured wood siding, 





' rr (a\ (b) 

ll.IWroh cl“apb~-d“8?n‘. 

„„c typo to bo plaoo.l horuontally an.l the other to be pl»ce.l 

''"loria^tal (BOO Fig. 93) oflerB much greater »PPO^^ 

r„r moisture to enter the joints “^al poSion. 

grain of the wood than do j legs „„ larger 

buildings becau.se the alternate wetting and dr> g . 

ir, form belwi-en the boards, making an unsatisfac tor> 

’ a e ed on low buildings where the '--f tP'- “ 

bo,: blowing rains. ..or boarding m 

i-lrunmnded where borisontal siding must !.,■ nserb 











sidixg, hoofing, and insulation ]!)() 

meal that i., used to oter2 rtaok"br"' 

Figure 94 shows diftereut types of battens thaTL' be'ieT"'" 

ihc metal batten and the battpn nf i-\ioi* i i 

the siding have the advantage of being beUrpr^teTetl't^rn 







(b) 

W '•'"‘"‘“'i’bentiS;™ l»l ten, 

boards to give suffieienr 1 ' •' be used with 12-in. 

horizontal joints are necessan'^n^id"^''^!'’ for nailing. Where 
make all joints waterproof Th should be used to 

fitted carefully, or a .square 

ti- not fit into ih:Tt"to r;:? 

adv antage. Figure 95 shows these differ- 
tnt types of horizontal joints. 

t^ood nailing is essential. A studv of 

auth ^ barns impressed the 

uthor with the importance of this asnect 

ulir: n of 

g nail large enough so that it will not ^ 
necessary to sink the head into the (b) 

Wod lo get sufficient holding power 4 F'» «5.-Typi 

common nail .should be driven in onlvnnf i joints: (a) lap 

the head is slightlv nree- l • * y until joint; (b) joint with tin 

Contmued poundfni bmte^‘i:’'!;™”''- ' 

142. Metal Sheetl-Galvantj “1! '“1’*'' 'i“nv. 

»nlmg in an increasing number of biiiw" “*<1 f™' 

"on makea for better appe™ee th r:' ‘ 

will ordinarily have sufficient stiff,,,:" t„ "t “nd 

•Uiee of vertical siding with liHtlf "O”"'/' gnes the appea,- 

wpecially for covering old siding. 'ne:''o,J“ T ' '‘“‘'’''"■""y. 

metal reduces mtiltration. 
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FiQ. 96.—Seal of quality. 


and the old siding furnishes insulating value, making a good 

combination. , 

The service the galvanized-iron sheets give depends on the 

protection given by the zinc coating. The Zinc Institute a 

research organization supported by zinc manufacturers, has 

carried on extensive tests to determine the optimum amount of 

zinc to be used on metal sheets for satisfactory service Their 

studies show that 2 oz. of zinc per square foot is satisfactory, an 

this amount of zinc has been accepted as a standard. To enab 
tnis amoum ui getting 

the standard coating, the institute has 
adopted a seal known as the “Seal of 
Quality,” shown in Fig. 96. Manu¬ 
facturers of galvanized sheets agree to 
use the Seal of Quality stamp on their 
product. The Zinc Institute keeps a 
.. constant check on the quality of pro- 

ducts in the hands of various dealers and ^aSlrT 

use the seal from any company not meeting t 

roof covering 

143 Wood shingles, it mode from durable species and properly 
laid, will provide a -«actory attracUve, - 

for shin,..^ ~ " r: 

made equivalent to 250 shingles 4 

(five shingles piled one on top of the ot Yor 

to-two weight would, of on one-quarter 

wood shingles an „itch roofs Wood shingles are not 

Lommended on pitches less Dry 

spacing of shingles as i ty are 

shingles should be lau 4 occurs during damp 

weather. Each shmgle should be fa joints 

in. from the eclgc^s ^r and Til nat 

should be broken at leas . ^ ’ .„,.ce of the roof and if they 

Shingle stains improve the appeal an 

contain creosote have value as a preservatne. 
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.Narrow hoards fl hv 1 <>r i r ■ . Mioariiinf'. 

anrpor„ro:rf ^ 

ilurable, and fireproof. The natural color of 

Similar to that of Portland ppmo^f a ^ shingle is 

that is rather cold in appearance To" a"rface 

“Yh: :ir“hrc:it 
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t-^ 4 V 
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— I I [•’f I ^ - f \ I I I I 1*2 f"v ■ ^ \_i>^ \s 

<SSU“.’, °T.S , 
—f 'l: th^e ::;;::3 suXrM ^ 

which to judge between +ti v r no standard by 

afnee thesl shlg^ hlYmn"cY“ t:i:!;:ta 

a::th::eY::s^ry;L®orr " 

method of application • the sidr^n ®^ape and 

rectangular or American ^^ig. 97a); the 

(Fig. 97c). The tvoe of Lt, . ’ . • ^^^'^agonal or French 

ing group should govern the seL'eri^n 

in rolls knowm as roll rooHna and ^ heavily coated felt 

;wps. The basis ofT^'p^^^rr^rY'"*'*’ ” 
paper, jute, or similar mateLl Tn ! composed of rag, 

■ One square = ,oo sq. ft manufacturing, the felt Is 
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passed through a vat of hot tar or asphalt \intil it is thoroughly 
saturated. Those roofing products may be made up m single, 
double, or triple ply and may be covered on the weather side with 
mineral granules. Roll roofing is suited to pit ches of one-quarter 
and less. Where it is used on flat roofs it is usually placed 
horizontallv, but on steeper roofs placing the strips vertically 
seems to be more satisfactory. This type of roofing is not well 


Flexible insuiationr- 


Lath sfrip^ 


WaH sfuds 



Fig. 98 


Flexible or quilt-type insulation 


t.. f,„m liflinB tl‘e .oofinB 

sheathing to prevent 

,,a ,,„sing It to ,,,, ,,juare (100 sq. ft.) 

108 sq. ft. in a roll. I his win (ovt i 

when applied. Its pj.p.^ence or 

(h*p(*ii(ling oil the number op. ^ four-in- 

,„i,„.ral ,„o“,„'l38 are .-equireJ per 

one strips 12'^s > oan Ih 

„„„are. The woiBht ordinarv tar paper a,„l 

Building paper is madt - ^heathing under 

,.oai„.»iae,l paper. Roain paper .» need on th, 




siDixa, /{ooFixa, axu ixsulatkjx 2();i 

oo"rrrcmo^T“ t''"‘ "f tar paper tend 

rroae metal. I ar paper i.s iwed to cover .sheathine under sirlintr 

and ,s also use<l tmder a.sphalt shingles. 

146. Galvanized roofing may be secured in corrugated staiel 

tances un to ft n , '«^tenai .sj,ac<.d at var^^ng .lis- 

ances up to A ft. makes a satisfactorv sheathinir 'rn: ■ • 

r S't - 

n:r/s:rprSs"‘‘o:r""i 

b.v .mproper einrage in the yards and sl,„nl,l lie i ,, n • 7 

from heat or rold, bnt if iasnl„i„„ ia , ,' . 7' 

nnder the eooflng and aa,factory ob,a!,.;,r 

rooeng has been u.sed 7e'ow 771""■'"I 

™fing L, used it is nsnally applied o' -er 'l-tv'2-h! 'T"- '"‘''“I 
trips to provide an .air sp„,.e under Ihe met d ' ' 

(hat collects will thus have a belter chance f ’ ^ 

l*fing a Ihorough nailing „„ of ,he old .slini'X'"''''’'"'"''"" 

insulation 

148. Insulation Materials.—There are 

'"atenal., from which i„.s„l„ti„g prmi mls eanir*' 
m;e vegetable or plant liber and ma,er • U frl r- 

' beat and flax .„raw, cornstalks, cane filie, “ ^ r’"''''"' 

piincipal .sources of vegelable fiber in use W 

'T"- from InnilK.,. mills i ' „ ' 7 

»«.'• from ihe plant as a waste ,rd.:c;;b;:,'';'u:';v;:;i:;;\':; 
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the molten conilition and made into inaulatinit mAt^riai without 
the expenae of reheating. 

Vour general typcv of insulation material- are on the market: 
the filU'r or granular, qviii or blanket, hoard or structural, and 
the/m/ tyj>e. The 611er type can be blown or tamp<*d into aaJU 
alreatly built or spn*ad over the lath between joists in an attic. 
The «juilt type (.-ee Fig. 9S) is made in rolls or bats the proper 
width to fill the .-pace between studding and the rafters. FIm? 



99,— Ri«)d or iwulnwa. 


ftnirtural t>Te iFis. 99) i. mode in sUh. m 
thickn^s®^, ^ in. beine thn most common 

few nre S and 12 ft. The foil type n market^ tn rods an^ 
' t- 1 •_u manner in which wallpaper h applied. 


Questioas aad ProWems 

)• do d«mncrs spsoify horiauntd in moor Ku.Ww.* P»««' 

than verucal sidm*’ Justify >‘wr «•«*»*»***" __ 

rhlTimport«« « the “Se.1 of iinnhty « ^-mrUi prod 
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PART V 


Structural Design 


CHAin^ER XXV 

CARE, REPAIR, AND REMODELING 

In thn design of a machine the manufacturer studies the diffei- 
ent parts that will receive the greatest amount of wear and 
l)rovides for an abundance of lubrication to decrease this wear 
and prolong the life of the machine. In farm buildings, no 
doubt, certain parts are subjected to early failure unless the 
proper can' is given them. In the building study made by the 
author in northwest Missouri, an attempt was made to locate 
the points of failure or most rapid deterioration in farm buildings 
and, where possible, to determine the cause of the failure. The 
points of failure in the order of their frequency were as follows: 
sills and connected framing, foundation, siding and doom, root 

covering, root trusses, joists, and giideis. 

149 Causes of FaUure in Farm Buildings. Roof Drainage. 
d’he most apparent cause of failure in farm buildings wa.s the 
failure to provide eave troughs, downspouts, and connec et 
drains. The damage resulting was e^^dent in rotted sills, frame 
work, and siding. A large amount of water drains from roots 
and in dnpping onto the ground splashes up onto the siding, 
c-arrying some soil ivith it. If wind is blowing, the water from 
,,h.. blown against tho siJing 

wav through to rot .sills and girts. A study of 215 bams was 
mad(* to determiiK' the value of spouting to the life of the struc- 
Uire One group of 18(i barns were not spouted and showed a 
mmual depn.-iatlon rate of 2.32 per cent. The other group of 

29 barna that bad similar construction but were “ 

annual depreciation rate of 1 -64 per cent. 1 h.s shows a 29 pc 
„,„t decreas.. in servi,■cable life for the unspouted buddtngs. 

2()ti 
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^ow^aOo».s.—Many foundatioas werr found t(, b,* th,. con- 
often d^'tfrioration. Foundation wall»< were 

from d " ^ shallow to be safe 

tion rate was 2.2S ,„.r '"n Thi , ’ T' " “"""“' ‘'"'’"■™- 

in thHif.. „f i„.ii<ji„^, i,„;..,^ foriaHoZ tt’iL"ri.‘'"'r'"' 

K»’ound, as romnarod tn K,.;i r i . ^ » m. al>ovr 

ooo. f„a„.,a.i„:r;::n;::;':;:z/z;:^ 

through erosion where wat(*r luul not ] ^ ‘Irainage or 


1 n'atniont 
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1 studit'd 
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»cn*irr 
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InorfajHj in life 
ilue to use of 

paint 

Veam Per^vnt 




Not painted. 

PHintwi when built I,ui not after 
^Riritod as needed 


™vcr r,.si„ .,p„,, |„.f„„. “'""f “'■<i ll-e failure to 

reports a <-om|)arison of painted will, I’l''"''' ''ual. Table 35 

"" femis studied. This slud,- . “'■'■'■i'-e buildings 

"f paint after the bar.IZeZ Z:* S'*' ™at 

per rent to its servieeabh- life T|... 1 ,1 ' ‘'®','tive, a<lding 2| 

■n-J-d were given „ ^4 ' ‘'I'r .. . tn 

■' »‘«<iy was made to deter,, ine ,1,71 '' “■''' “ P»int. 

.... 
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depreciation charge and the interest charge on the building for 
the years of extended life due to painting. Using the formula 
for compound interest, the rate of interest on the investment in 
paint compounded annually was determined. The cost of paint 
was computed on the basis of 500 sq. ft. per gallon for first coat 
work and 700 sq. ft. per gallon for second and third coats. 
Paint was figured at S7 per gallon applied. Three coats were 
allowed for new structures and one coat each 10 years thereafter 
on buildings that w'ere considered by the farmer to have been 
painted as needed. This was not enough paint to give the best 
protection but was used because this was about the practice 
followed on the farms studied. Buildings of similar quality and 
construction were used in the study as nearly as possible. The 
first painting was more important than any other, yielding 3.73 
per cent interest. Keeping the buildings painted did not bring 
such a high rate of return, 3.22 per cent. However, considering 
other advantages that come from keeping buildings painted, it 


makes a good investment. 

Mechanical Repair lack of mechanical repair was evident 
in many buildings. Siding had been split and broken by animals. 
This admitted rain, cold, and snow and resulted in rotted sills 
and floors in many cases and, of course, in cold, drafty buildings. 
Lack of uniformity of damage from this cause made it impossible 

to evaluate the results for study. ^ 

Roofing .—A great variation was found in the life of roofing. 

In some cases the .short life was due to improper use of materials; 

in others, to inferior workmanship in application. Many farmens 

hold the opinion that wood shingles or an interlocking type of 

asphalt shingles are best for steep roofs (one-half pitch or more.) 

Many opinions were expressed to the effect that one-fourt i 

pitch was the lowest practical limit for wood shingles. Many 

were (‘iithu.siastic about galvaniz(‘d roofing, although they had 

c.xperi(*.iced .some trouble wnth this type on open sheds where the 

wind could cause a lifting action. Many were of the opinion 

that roll roofing was sati.sfactory for temporary buildings only 

l>,K,r workmanshi,! was .-videnced in carele.ss nailing of wood 

shingh‘s improper s(‘lecf,ion and u.se of nails on metal roohs. and 

in damage to asphalt shingles by workmen walking over them in 

l.ot weather or from fastening scaffolding at the time the .shingles 

were 
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in si.JiuK vvrro a 

watPm^^r^ failnn-. A coninu.n hutf j(,i„f, uiilcss 

uatPrprc^,fM .n M.n.P uay. n.ay tho rausP .,f failup* o{\irts or 

1 "“r'? .. "'""ixT of 

waJI Do^t! r . ‘>f »*ay anainst 

»>ut rpsulu*d in wnu-kinir K i ^ onsighflv 

p«ml to other parts of^'lmiUiJt'^'^T'' “ ‘'''P'- 

l~-k trf pai.,t were nu.t l^ehTt^T ln*ni«are laek of l.raeing. a,„i 

•'*n/e o/ ffepof, "f «„ t/o 7 '1 “''' "'“1 -‘xi»'«l. 

•'•eratte meehanioal value of'building" u’"i!' ™"‘'''I'"’ 

midway lw.tw..t. the reiLletd tTauT," • 

tini#" of failure. Some huilHincru - i j i * value at the 

f*** at thp point of failurp, so thaUhe a ^ 

fwtwppn thpKp two limiti*. In ft "ould bp halfway 

farm.- in northwpat .Miawjuri thp Z, ^ ^nnldinRs on 200 

“liKhtly (TTPatPr than half th ^ ''”*^** 

‘•u.i.hn.st hp i^: iht^i 

Jn the mattpr of repair the old «d^" ntate of repair, 

nine” L, verj- applicable. A tile drX tZ 

f^m a building, a new board it^dM to^', 

ono, a diverting ditch to remove vaH dr u"'" * 

^tc., may require a little time but ^"17^ 
appearance to 

If these repairs are ^ Z ^^t of the build- 

jp pt « • minimum, mtd Iho '‘iH I* 
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largo numbor nf fanns show tho sorviooablo lifo of barns t,o vary 
from 25 to 100 yoars. doponding on tho dosign, oaro, cjuality of 
matorials, and workmanship usod in thoir oonst.ruotion. 1 ho 
mode for the annual depreciation rates for barns on 200 Missouri 
farms was as follows; hay and feeding barns, pole frame, no 
foundation, 3.44 per cent; hay and feeding barns with timber- 
frame, rock or concrete foundation, 2.07 per cent; dairy barns, 
balloon or timber frame, concrete floor and foundation, 1.6 per 
cent. During such a period of time the change in demands and, 
consequently, in prices, the development of neiv crops and 
methods, and the changes in soil fertility may call for a different 
kind of building on the farm. It is not usuallj’' an economical 
procedure to tear down a building and rebuild it, but it is always 
possible to remodel and change buildings to improve their use¬ 
fulness. A noted architect once made the statement that a 
house should never be considered fixed and unchangeable but 
should always be subject to change and improvement. Ihe 
fact that a house or a barn is not convenient is no re^on oi 
going ahead and putting up with it as long as it will stand. Life 
is too short to bother with poorly arranged, time- and laboi- 
consuming buildings. An automobile junk 

an evidence of progress. No doubt cars are pulled to this yaid 
that could be made to serve further, but since the newer cans 
offer much more iu convenience. plea,sure, and 

afford to use the old. We cannot move our obsolete hu ld.ngs 
to the junk yard, but we work them over and bring up o a e as 

the new discoveries and developments ■eff'-te, 

Another reason for remodeling comes from the fact that farm 

:;;r ... 

;£;r. 

change in the building equipment that can 

remodeling, making additions, etc. 
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161 . Remodeling and Repairing Farm r- 

m«ta„ce., a building ha, failed by eotting of the 
old foundation and the new foundation bu It 2 

stroke but must be carried ouTa'lHtlTlt'rt *™””?'''’''’'' 

can be raised to a point slightly higher than'l'final 'p^riiXd 



"'m f "XSdlti°on‘''(Le 

of foundation Wall. The new sill o additional height 

mortar has set the structure can be 1^" ^!i 

to completion. the work carried on 

• roof is usually in need of 

mg. The present roof mav ho n on an old build- 

may be stripped and a gal\-anize7irn .'' f^ asphalt shingles; 

bo best to remove the old covering ^stalled, or it mav 

of the same kind if it has been sati'f "7 ^ 

'•onaihng; or it may ho necessary to'7 

•aa^' be advi.sable to cover the •; I .some boards; or it 

'"c ^Id siding wiU pr„Wd,. ■ L: a “m m d ‘'fk“.. 

for a long period of years. ’ '' iU -serN’e 
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Floor-plan Arrangement .—For floor-plan arrangement consult 
preceding chapters on the different enterprises. The w-idth of 
the old barn, the placing of posts, etc., may require some modifi¬ 
cation, but general principles may be made to apply. Changing 
a floor plan usually involves labor rather than a cash outlay and 
may be made at a time when other work is not pressing. By 
studying the needs and planning carefully, many inconvenient 
barns can be made to serve an enterprise effectively. The 
first thing is to draw a floor plan of the existing layout to 
scale, sho^^^ng posts and other parts that cannot be moved. 



Work on this plan to determine the best possible arrangement of 

s^* 7enl etc. Figure 101a shows a floor plan of a barn^-^^ 

posts and other permanent features m plac _ 

desired to use the barn to house 18 beef cows, 3 
2 hurts Figure 1016 shows an arrangement -ubmitt.d to 

c-ausedanundMU ofto^^^^^ ^ 

^rhey may wish to .stait, t 1 io2 shows plans 

warrant iiivcatinont in a nnw a nn ^nrall number of 

fnr mbling to exi»ting barna to accommodate a amall 


cows. 
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Rcvwilclim, Ponltri, //ou.sr.s.—I’onltry houses are often huilt, 
little attention to heat conservation, control of drafts, (-tc., 
and it is necessary to remodel them to secure best results. i. 
the narrow-shed type with an open fro.d the roosts are usually 
too close to the open front. Figure 103 shows a satisfactory 
method fol- increasing the ^^ddth where it is desired to use an 

open-front poultry house. 

Problem 

117. A farmer has a general-purpose bam built from the ^an .shown in 
Fig 57 He plans to change the barn into a dairy barn. He 
keep 20 cows, 4 two-vear-olds, 4 yearlings, and 4 calves each year. He wants 
m maLTe barn Complete so far as maternity, calf pens, feed storage 
and processing are concerned. Draw the existing floor plan to a scale of 
in =1 it Show a revised plan with any additions that you wouhl 

rorommeiid. 
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CHAPTER XXVT 


BARN FRAMES 

girts, braces, and plates nailed to them to fori ‘the 

the amount of bral“ed;; 
greatly reduced so that both material 
and labor are less than for other types 
of framing. Inspection of a large 
number of barns built in this way 




^Treaied pos^ 


•1 


i 

I 


I 

j rConcrefe footing 

I 


, lu mis way 

showed that many of them had settled 

unevenly pulling the whole structure 

UU of shape. The uneven settling 

\ras caused in mast cases by softening 

<*t the ground around one of the poles 

Since the weight of the structure is 

earned on the poles and since the ends 

in the ground are not large, the areas 

under them can easily be overloaded. 

n many of the newer structures using 

hrs type of frame, treated poles are 

for ^ footing is provided 

similar to LTol W t 

posts are placed on a sill or direct I v ^ +i. r differs m that tl 
being set in the ground. This typl 77^ ^"^ndation instead , 

rough, hewed, sawed, or built no + r designated as 

kind of p„,ta depending up„„ ,, 

P».e a. eifhen na.ed to the de«ed eiae^tS uXrZ:!: 


fr for pol 

frame barn to prevent uneve 
etthng. The hole is dug 
the size and depth desirec 

in to 
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stock lumber. Six-by-sixes are made l\v spiking throe twoby- 
sixes together; eight-by-eights, by using two-by-eights, etc. 

In post-frame barns the jx^sts are ])laced at 10- oi 12-tt. 
intervals, and since they carry the load the foundation is made 
larger under them and is often reduced to a thin wall between 

.them (see Fig. 105). 


Na/h'nff fflrf 



wrih wide foolings under posls.' 

—-' " ' Four inch walls befween posfs. 

Fig with wide footings under posts. Four-inch wall between 

pillars. 

164. The balloon frame is used when horizontal siding is 
specified. With tliis type of frame the weight of the 
distributed evenly on the foundation by means »' “‘“'‘dmg 
which are usually placed at intervals of 2 ft. (see Fig. 106). T 
foundation, therefore, is best made of uniform thickness and 
the footings of uniform width. Corner studs and those beside the 
farger doom are doubled to give them greater strength and 
stiffness. This type of frame is favored by 

easier to erect than the post-frame typo, and the f"""''”'-!')!.; 
Is-ing of uniform width around the building, is less trouble to 
form These advantages are often overbiilanced, liowevei. 
lack of strength and stiffness in the structure as compared 
post framing and by the tact that vertical siding cannot be use 

readily with the balloon frame. + r.f 

16R Semicircular Roof and Frame.-In the —truetion of 

this frame a laminated member is bent into a semitir 

radius equal to one-half the width of the ilesired 

increase the strength and improve the appearance of this buildi g. 
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s rsiaces are built on either side of the ridge and 



Foundation for balloon frame. 

made to fit into the general curve of the roof W u. 

These semicircular frame ™ 

ames aie built in tndths up to 36 ft. and 



F,o. 107.-Remicirrular rooTTnd fra^ 


wll as animal sheherr' "'""'■^‘‘"cn'-storage buildings as 

166. Steel Frames._ Aifi i 

are used quite .eneralrtn C 
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framework has been large!}' of w<iod construction. Steel has 
many advantages in constmction, and when the demand has 
been developed to the point where large-scale production is 
justified steel framing may be low enough in co.st s() that it can 
be used generally. Figure 108 shows one of the new types of steel 

barn frames. 




Fio. 108 . 


The Jameswav steel-frame barn. The round structure in the center of 

the barn is for hay storage. 


167. Masonry Bams.— Building blocks of concrete or tile are 
being used to build the walls and even the roofs of barns, thus 
taking the place of the framework. These tile walls carry t e 
loads and side thrust produced by the roof. The .stiffne.s.s nuclei 
in the walls to take care of this side thrust is .secured by building 

pilasters on the outside at intervals of 10 or 12 ft. 

168. Foundations.-! n foregoing chapters on concrete and tile 

it was pointed out that these materials would carry safely from 
2(MK) to 5,000 lb. per square inch in compres.siom Mos arm 
buildings u-ill not have sufficient weight to load the toiindatioa 
to the point of failure of the concrete so long as the load i.- mei 

one of compression. Foundations do fail, however, ami therefo.e 
::;L sti jes must be imposed. Inspection of a nunilnM' ol t 
failures showed that the sulisoil under the foundation had fad s 
'Phis subjected the foiiiulation to stre.sse.s other than comj)ie.«. 

and cau.‘^ed the failure. 










liAHX FRAMES 


2in 

TlH.se ,stro.s,ses, other than .ertieal eonipression, eansed (he 
h»u.Hlat.f.n.s to fail either by tilting outManl uhere there i.ere 

hv f "^ttling or .splitting ai the eorner.s or 

he buildingT the corner of 

a a igher le\'el than the ground outside. Manure i.s 

increasing thi.s difference in elevation 
bam’ ai^fthfo"tramping of the ground inside the 
trutefto the rT con- 

r:r of :f r" 

'rn-f “"S'f. ti J'f KeTS if rdfS 

the oLi/e odle of rrf “^r"* ““ “"df 

factor to many failures 4dd*n™ ""T * contributing 

to bams and proviZ^ Zdf f o^yf Roughs and downspouts 

installation of underdrains or dLfing dikh^Zafr"'' " 
m some instances to prevent this trouble 

it is efSefThaf ttf isTedt:? *"•“ 

evidence of a nZ fo, a Lf r . '™”' ‘‘“’'■o i*^ 

strengthen the foundation as a canturvefbraZ" 

near the top of the wall tn lu • j oeam. Reinforcement 

the load, e.xtended around the comer to'^^^^ (tarrying 

moisture content.^ S^cT fhe°lmoX°tf 

increased at any time it is well tn f ^nay be 

making computations (see Table 36) 

160. Footings of the proper .size anrl^ • 

factor in securing a good building To ^Po^ant 

needed it is necessary to know the load t 

by reference to the^able on belr2 ^ben 

unit can be selected and the size of foor^" P^’^Per 

should be placed below the frost line h footings 

1-el face in contact .nth th ti be made .ntlA 

soil. In constructing a footing, a 
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Tablk 3G.—JiKAitiNO Power uk Soie^ 


P<iuik1s |)or 

Material Square Inch 

Dry clay in thick beds. 70 

Moist clay. 

Wet clay. 20 

Dry sand. 30 

Dry soil. 40 


trench is dug to the width needed and concrete for the footing 
poured. Forms should then be set both inside and out and the 
foundation wall poured in place on the footing. In this procedure 
water is not absorbed from the concrete so readily as it is when 
the concrete is poured in a trench, as in Fig. 109a and 6, and the 
concrete will therefore be of better cjuality. Reinforcement in 









. 


-4.1s A 

(b) 



(c) 


bn pP'“f 

Htructed in the proper manner. 


both footings and foundation wall in well worth whUe (see Fig. 
109c). A more complete discussion of reinforcement may be 

found in Art. 121. . n j „ 

161. The plate used in a post-frame barn is called a box pluie 

(see Fig 110). It is made up ^^•ith one or more members placed 

S a vertical position and one or more placed in a horrzontal 

position. This t.vpe is used rrith the pole and the p^t fr je 

because the plate must support the vertical load of the roof . 













barn frames 






Fig. no.—B ox 
plate for pole- and 
post-frame barns. 



Fig. lii._piate 

for balloon-frame 

barn. 


above a 

'vard thrust of the roof Lst h . "“‘- 

ne roof must be counteracted, and the plate is 



'6/rfs.' 




post-frame barns. 


designed tn niet^t this .stress \r . 

at tho,™ in Fig. HI. In' long T.™'".T" '‘"'■“<’■'‘“ 11 ^. 

‘'■'-'I. -'ndlar to t,. s^nt 
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162. Loft Floor Support.—In the pole and post frames it is 
necessary to support the joists l^etween side wall posts by a 
girder fastened to these posts (see Fig. 112). The posts in tin- 



113.— End joist support in balloon fraint-s. 


center of the barn are cut to the proj^r length t.. ht directly 
under the girder. Splices in j.iists must always Ik- made <wer 
these girders. Steel posts and girders are ustsi m many barns 
ttidav. They take up les.s space to provide etpial strength. a.« 

compared to wood construction, which is often an imp«>rt<in 

factor in design. 

In the balloon frame the 
joists are supported at the wall 
by nailing them to the studding 
and bv placing them on a rib¬ 
band board that is nailed to the 
studding. The ribband ma> 
al.so be reces.sed into the stud¬ 
ding to se<‘ure additional 
strength (see Fig. 113). 

no. 11 -*.—.. 0 .=.. 163. Joist Hangers.—Where 

it is desirable to have a smooth ceiUng aithout projectmg 

place the lower ekge of the joist., even 

girder (see Fig. 1U). This makes a smooth ceiling and makes 

possible to route overhead carriers ^^ithout 
additional .space is secured in the mow. making ix 

n^hice the height of the .-^ide walls of the frame when 

it i' subiect^to luatL of different kind. Different -ethixls are 
sho^ ii Figs. 115 and lid The outward thrift of the roof ..n 



Fio. 114.—Joist hangers 
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sido walls must be met by use of ties aud braces. A\'ind ]„;h1.s 
a so ,„„,luco Sl,,-,.ses that must be met by prupe,- braeius. 
H alls may be b„«-,.,l by lilting pieces between studding, the 



whole^group to extend diagonally from sill to plate; or bracina 
may be nailed ms.de studding to fulfill the same p.upose The 
taftem need b,.acing to prevent end sway. Thi.f;radng 



^ 0/7e brace 
each ert^posb 



-peoially above the mow floor. This^^a.^ri^t b.^ 
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a horizontal truss to bo fastened to the stnicture at the plate line 
(see Fig. 1 Kia). 

In the pole- and post-frame types a vertical brace nnyy be built 
between the post and the girder as shown in Fig. 1 lt>6. 

Questions and Problems 

118. A joist is supported at the studding by a yellow pine 1 by 4 ribband 
held in place by two lOd nails, recessed or gained into the studding M in. 
The ribband is held by two lOd nails. The joist is spiked to the studding 
with two 20d spikes clinched upward on the side of the studding. How 

much load will this end of the joist carry safely? 

119. A 6- by 6-in. post is set on an 8- by 8-in. concrete pier ha\’ing a footing 

16 by 16 in. The footing rests on damp clay. 

(a) How much of a load will this footing support? 

(b) How much would the 8- by 8-in. concrete pier carry if it is average 
concrete? 

120. A post in the center of a bam must carry a load of 24,000 lb. 1 lie 

footing will rest on wet clay soil. How large should it be? 

121 A farmer wishes to reinforce a barn foundation using three %-\n. 
reinforcing rods placed horizontally. How would you suggest that these be 

placed ? Give reasons. 
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CHAPTER XXVH 

design of beams 

166. Loads.— Snow loads, as well as wir.,1 i » 
reckoned with as forces that nr’fvlnn^ j « •! 
parts of farm buiirnr 

biRh as 30 lb. per square foot but h ^ 

pitch is increased Wind loads ^ effect as the 

.m- a., .he piteh „,"the .Crfj ’ 'r ^ 

30 lb. per square foot ax xnfo f i • Many designers use 

on all pitches The relati snow and wind loads 

r-ulting pressure on vertical wlriv "b 

formula expressed by the 


P = 0.004 X F* 


(27) 


w here P ^ load in pound.s per square foot 

. ~ velocity in miles per hour. 

" ill be sJb™ctU^'t ^ beam or column 

|t.« amount in pound,, and the' meth^^rf'n r 
far as farm buildings are concerned In w ^ ^PPbeation. So 

‘bat is. applied at one or Zrel f 

ever the member. ^Most loads in f" uniformly 

'b'^tributed loads. For e.vamnle uniformly 

uniformly over the full length^of't/'*'' •“ "distributed 

.... 
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The total load on any beam or column consists of the weight 
of the structure itself, which is called a dead load, and the weight 
of the materials stored, which is called a live load. In a concrett; 
beam, for example, the dead load is large and plays a very impor¬ 
tant pai-t in the design; in timber construction this load is not so 
important biit is still of sufficient importance to be considered, 
especially on spans greater than 10 ft. Live loads are those to be 
considered with the occupancy of the building, whether they 
come from storage of hay, grain, or livestock. Live loads that 
are applied with an impact or vibration (.such as livestock, 
running machines, trucks and wagons, etc.) are considered to 
have double the magnitude of the same load applied without 
impact. The impact produced would, of course, depend on the 
distance through which the object fell, but the rule applies to 
common loatls in farm buildings. Wheat is added to a bin, corn 
to a crib, and even hay to a mow in relatively small quantitie.s 
and are not con.sidered as being applied with impact. Hay is 
dropped in } i 2 -ton bunches from the carrier in the top of the barn, 
but its fall is effectively broken by the air cushion formed under 
the falling hay, and it is considered to be a load applied without 

impact. , . • • 1 ♦ 

A list of the more common materials stored and their weiglits 


jier cubic foot is given in Table 37. 

The loads in farm buildings are sometimes rather large. 1 he 

ordinary farm barn may hold from 75 to 100 tons of hay. T his 
weight acts as a system of forces tending to bend the supporting 
joists and girders. So long as these forces are held in equilibrium 
there must be a reaction or resisting moment set up in each beani 
of equal and opposite effect to the force applied. Any internal 
resisting force is called a stress. Stresses are compressive, tensile, 
or shear, either singly or in comliination, depending on the manner 
in which the retaining unit is stressed. A column or post carry¬ 
ing the mow floor in a barn is .subjected primarily to a compressive 
stress; a wire holding a weight, to a tensile stress; the dnve .sha t 
in a car, to a torsional or twisting stress; a joist or girder .suppor - 
ing hay in a mow, to a bending stress, and a rivet holding a 

double lap joint., to a shearing stre.ss. 

166. Bending Moment.— In the de.sign of beams and girders 
it is necessary t.) know the amount of the stress that is produced 
in the beam or girder by the load in order to be able to select 
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u structural mcml,cr that uill meet it safely. The “nionienl ” 
..r tunune to.uien.y of any fnroo ,ah,„„ a„y „„int ia tho pr'I,.,. 


Table 37.— Weight.s ok Vaiuous Mate 


rERlAUS 


Material 



Material 


4 

12 

10 


eom- 


28 

47 

48 
27 
40 
40 
40 
50 

150 

58 

100 

1(55 

82 

125 

150 

8 

42 

57 

172 

165 

147 

30 

48 


I Wood shingles. . 

^ Slate shingles. 

Corrugated iron 
Asbestos shingles. . 
Asphalt roofing. 
4'ile roofiiig 



Weight, 
pounds 
per board 
feet 


• I 


\ 


■ ..I 


Hay, loose. 

Hay, haled. 

Hay, cut. 

Straw, loose. 

Straw, baled. 

Corn, ear. 

C’orn, shelled. 

Wheat. 

Oats. 

Harley. 

C ottonseed meal. 

Apples. 

Coal. 

Concrete. 

Ice. 

Sand. 

Limestone, solid. 

Limestone, ground. 

Brickwork. 

Cobblestones. 

Snow, fresh fallen. 

Casoline. 

Oil, hibricating. 

Cranite. 

Flint. 

Sandstone. 

C otton, in bales. 

^^ool, in bales 

pressed. 

Wool, in bales not com¬ 
pressed . 

Molasses, in barrels 
"Tobacco, in bales. 


(lever arm) to the poinU^queltton’*" Th f 

-mente of a,, the applied foreee aetin 


Weight, 
pounds 
per square 
foot 

2 

4 5 
2 25 
4 5 
2 5 
18 


Cedar. 

Hemlock. 

Cypress... 
L)ougIa.s fir.. 

Oak. 

Short leaf pine. 

Pine sheathing. 

Georgia yellow pine 

White pine. 

Redwood. 

Hickory. 

Kim. 

Walnut. 

Ash... 


3 

2.1 

3.1 
2.7 

4.1 
2 .() 
3 

3 2 

2.3 

2 5 
4.0 

3 

3 3 

3.4 
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STRUCTURAL DESIGN 


or left of a given section is caUe<l the beuriing 7Homcnl jit that 
section. The amount of the stress is dependent on the type of 

beam, its length, and the type of load. 

167. Types of Beams.—Beams are divided into three classes, 

cantilever, simple, and continuous. A cantilever beam is one that 
is rigidly supported at one end (see Fig. 117). The greatest fiber 
stress would occur in the beam at the point where it is fastened 
into the wall. For a concentrated load applied at the unsup¬ 
ported end, the bending moment in inch-pounds would be equal 
to the load in pounds multiplied by the length of the beam in 

W 

OOQQQOQQ. 

(b) 

Fig. 117.—Cantilever beams: (a) concentrated load; (6) distributed load. 

inches. Expressed as a formula, the bending moment of a 
cantilever beam with a concentrated load is 

BM = WL (28) 



where W = load in pounds. 

L = length of beam in inches. 

In the case of a uniformly distributed load on a cantilever beam 



(a) . 

Fio. 118.—Simple beams: (a) concentrated load; (6) distributed load. 

(Fig. 117fi), the formula for bending moment is 

BM = )4WL (29) 

A simple beam is one that is freely supported at both ends (see 
Fig. 118). If it has a concentrated load applied at the center, 
the bending moment is computed by substituting in the formu a 

BM = MWL (30) 

If the load is uniformly distributed, as is usually true in the case 
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of hay, corn, or oats in storage, the formula for bending moment is 


BM = }.iWL 


(31) 


alo^gTlen^hte! 

u . ^barns the girder is a 

suDoXd'T^^'^’ tbe full length of the barn and is 

supported at vanous intervals by posts. This is a good examnle 

of a continuous beam. In this form of beam the bending moZnl 




(a) /, V 

r.». b„m: o,„c.„,„w l„.d, (6, 

prr “h: -- ‘he 

not in the center of the span but 

supports. With loads concentrated at the cenrof eTch Tpln! 


(32) 


BM = }^WL 

where W = load in pounds on each span. 

With inches. 

With uniformly distributed loads 

BM = H 2 WL , 

168. Computation for Size of Rpamc’ i 

bending moment produced by a lolj the I <*«‘ermimng the 

Differeni material w: d-w"! ^ “-''«*■ 

of coume, influence the deei^. Table afdL? 

sT^peT^nit:::!" “■'”‘”0 -felbt 

f„d“S' :o:i:.”t d^L^n: f v™-' 

member in everyday use Wood ; t I ^PP^'^ ^be 

"Icength in bending u-itldn the^iasUc lim^tT 

Ih- per sciuare inch, but only one-sixth of Jh' '* 

J' one sixth of this amount, 1,100 lb. 
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STRUCTURAL DESJGX 


per square inch, is considered as a safe load in computations for 
strength of beams. Steel, being more uniform, may be used 
wdth a factor of safety of four. 

If the amount of the load in pounds, its manner of application 
(concentrated or distributed), the kind of load (dead or live^ with 
or without impact) and the kind of beam (cantilever, simple, or 


Table 38.—^^trength of Materials 


Safe fiber stress, pounds per square inehf 


Kind of material 


' 

In 

liending 

In com- 1 

1 

prossion 
with the ; 

j 

grain i 

Across the 

grain j 

1 

% 

1 

Shear, 
parallel to 
grain 

1,300 

1,300 1 

260 

180 

1,100 i 

i 1,100 ! 

170 

170 

900 I 

1,000 

150 

1 

100 

1,100 

1,200 

220 

160 

1,100 

1,300 

450 

210 

900 

1,100 

170 

120 

1,200 

1,200 

310 

196 

15,000 

1 15,000 

15,000 

1_ 


Ix)ngleaf yellow pine. 

Shortleaf yellow pine 

White pine. 

Hemlock (Western). 

Oak (white). 

Cypress. 

Dougins fir. 

Steel 

* Kiom O'UouRKE, C. E.. "Cienerul Eiisiiieoting Haii.lbook,” MoCJraw-HiU Book Com- 
Ido 

Computed on a basis of a factor of safety of 6 (except steel which is 4). 

continuou.s) are known, the bending moment produced can be 
computed, d’able 38 gives the. safe fiber stress m bending for the 
material specified. Dividing the bending moment {BM) by the 
safe fiber stress (sfs) for the material gives a figure from which 
the size and shape of beam can be determined. This term is 
railed the section modulus {SM). The above relationship is 

ox])r<\s8Ctl by the formula 

HM ^ w CM) 




SM 


The formula for the section modulus of a rectangular beam is 


where b 


SM = Hbd:^ 

= breadth of the beam in inches. 

(I — depth of the beam in inches. 

Since BM/sfs = SM and HluB = SM, it follows that 


(35) 


(31 i) 
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to be ^1 Vb., ®. ■"■' Tu"' * '*• °“ lon'fx"- 

IS to be used W hat size will be needed for the joists? Soluiion • Thw 
IrvT^ x “2 X 9 - 111 "”’"! “f"™'’' '"'“'’“‘O'f- Eael. joiet will 

(eee Table 37), or 2-590 n,''''Tbe ?oi 

inb- a aiorple la.„-:“Hl '”™'' 

produced is t»e bending moment 

«-»/ = HX 2,592 X 12 X 12 = 4G,G5fi in.-ll, 

46,G5 G 

1,200 ~ the SM reipiired 

From formula (35), SM = Uhd- or XS KS i • . 

"ill be nse,l, .ubetitute 5 . I i,,.; “S, .. 

A \ A I 


3<S.8S = tp X 2 in. X 


or 


(i = \^:iS.SH X 3 = 10 .s in 

10 wIm r,x' '7'r-™' 

neat larger stock size, a 2 bv 12 shnnl'l'! I '“f "‘'I'oreiMeiile the 

^vi^ble be ebange the sparing ej 77 ' I H 

figure the size of joists nee,led for this spacing Tl i a , 
require less depth in the joists and would rediL tl 
space taken by the joists in the structure. 

from shear, the .^Jpirig ^‘'“7 

No trouble i.s encountered with ven^l 1 ‘^'^er. 

surfaces are too small. To determine tlicT*^ Soaring 

l)eam, multiply the load in pounds appli^I tTtT"? ‘‘ 

constant 0.75, and divide this nrodiietT fL 

of the beam in square inches. ^ ^ ^‘ros.s-sectional area 




(37) 


where S - horizontal shearing stress creai,.,! i i i 

fr = total load on boanf i ‘ "" 

“ ” breadth of beam in inches 

bi moh,„. 

Table 38). Tthe be7“!,Vi*fan“in'»f'‘” f'"' 

used. '■> lurger »la,-k inusl l„. 

'Ii™-us»e.l. In i j IrohllZ t'he l.l"d w^ 5 ',^ ilr ^'"'f 

riiebreuddi 
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and dt‘|)th of the »>eam were 2 and 10 in., respectively. Sub- 
8tituting in the formula for shear, 

N = 0.75 X 2 = •'" 2 11). per square inch. 

By consulting Table 38, the allowable stress in shear for Douglas 
fir is found to be 100 lb. per square inch. The 2 X 10 joist of 
this material wouUl. therefore, be safe from failure by horizontal 

shear. . . 

170. Crushing across the Grain.—.V beam or joist may be 

.sofficiently strong in lieniling, safe with re.spect to horizontal 
shear and still not be successful in use, because of crushing of 
the niaterial or vertical shear at the point of support. To deter¬ 
mine this crashing effect, the area of contact should be com- 
puteil; this, multiplied by the safe fiber stress for the wood in 
compression across the grain, gives the .safe load that can be 
applieil. consid.‘ring only this one aspect of the de.sign. l-or 
example in the problem usimI in illastrating the computation for 
iK-nclinn moinrTK. iLiul WHin for the- l.m.l <'arn.-.l h.v one onil 

of ll.c l. iirn wii» n>. lI'aK "f "" *!"" 

I, .-an,). .\..»u,uinK that ll.ia n-st« ..n an 

,,n 2 X 4 ^ H a„ in li.-f.-rriti, tn Talil.. 3S, tl. sa n l.itn 

(.,r inawliu. ftr it.. a.-r,.s.-< tin- Krat.i in 3U1 11-. P 

Minarn itn li. .M.lltiplyilm SHI l.v « K'v.-» 2.1-SO II.., Il«- '•'j'' ''' 

... (ar a- irni-InnK i.f tin- liial.-rial la .-..in-.-rln-.i. Mnn< lln» ■ ale 

l„a,l is lartn-r tin.., t ... L- a,.,.li.-.l. ll.n.i.-s;K.| 

171. Steel beeme ar.- Is-init n».-l .-M.-nstv.-l.v m l.u.l.l.ms "l.nr 

l„nit -.fans art- inKsl.-.l an.l nl.nr.- l,.-a.lr...,in is a H 

arn-st ..s.- is t..r nir.l.-r-. altlmnitl, nsn "f -'•''•I 

i„. r.-,v.inK. .\n...t.K all tin- sln.|n-s avaib.l.l.- in -'"s-l l'■•ntns, tin- 

l-ls-a..i is lti.».l iis'-f.ll in fan.. l.iiil.lniK 'V..rk Tin- ”"'''‘'* .'11^ 

..I . ... S1.-.-I 1-.. is ... I In- s.-..,..- ..f I - 

tl,.-r,-l..r.- a labln kivit.k tin- s.s-li.m nnslnlus ., s...,n- nf 

,„„rr si,.-s .....I «.-ml.l" is nstsi .. 

... tin- sir,.- ..I 1-.. Unr' "•» ‘ 

i. tin- sann- as (--r .ts Iai.Bnlar .v.nsl Is-anis. I'.n ■ ^ 

..f ... it Is- ... 

r..r tin- .-....-l.li....- it, tin- |,r.-vn.us |.r,.l 1,-n. 'H''" 

.... n.-sl 1. .. 
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for I-t)eam.s i.s givon, formula (34) aonlios Th,. r r 

IS In IK 1 lio fijs for sff»r‘l 

/f.l/ ./« = .SJ/, ^voha^IGj;S!^5,'i^M ^ s'lT 

Table 39.- 


Depthof Weight per 
t>eam, in. foot, pounds 


Moorms or Sectiox of Steel I-bea.m.s* 


3 

3 

3 

4 
4 
4 

4 

5 
5 

5 

6 
6 
6 


5.5 

6.5 

7.5 

7.5 

8.5 

9.5 
10.5 
9.75 

12.25 

14.75 

12.25 
14.75 

17.25 



Weight per 
foot, pound 

Section 

s modulus 

15.0 

j 10.4 

17.5 

11.2 

20.0 

1 12.1 

17.5 

1 14.6 

20.5 

1 15.2 

25.5 1 

17.1 

21.0 i 

1 

18.9 

25.0 1 

20.4 

35.0 1 

24.8 

25.0 1 

24.4 

35.0 

29.3 

35.0 

1 

38.0 

50.0 j 

50.6 

iti^burgh Pa. 


"‘"dbooir; .rnegie Steel Con.pany, 


Questions and Problems 

122. A signboard 24 ft. long and 12 fi L' u • 

pjsts set into the ground r ■/ ' ®“PPortefl by four 6- bv a.:.. 

-ouid .h., 't" 7-" ™" 

IM. What size shortleaf yelW 1 board ? ’ 

;• to be mied to a depth of 12 ft wTh fut haTr'h' *" ^ 

12 ft and spacing of joists is 2 ft o c ^ Joist is 

of 7 fi „ ‘ a crib is 10 ft. wide WK * ■ 

ft. o\er this driveway. What si' beat is stored to a depth 

recommend for joists? Check for strer’t l *"aterial would you 

126. UTiat kind and size of ^f'r Sto" «bear 

OOR. Figure roof load 30 lb per so ft’ “'^^‘‘."bere rafters are IS'4*^' 

12«. bam 34 ft. wide hasTwo girde^?^ 

They are placed 10 ft. apart on each sS^of a c t" ,'"r® ‘‘’"Kth. 

’“b be stored to a depth of 15 ft tL alley. Loose hav 

*paeed 10 ft. apart. The girder Is 1^" TT’ “'^^er the girder are 

‘ -“‘b be reti^Sf “P - 

from crushing f-'sh^r? ‘be girder would the girder be 

'-b-nt could be used for tK;. , 


/f 


















CHATTKl? XXVIII 

DESIGN OF COLUMNS AND FLOORS 

Wood columns or posts have adviintapes over steel in that the> 
(••in be worked bv the ordinary carpenter, and in most localities 
wood in proper‘sizes is not difficult to secure. The matena 
that is to be used for columns should l.e inspected carefully and 
discarded if defective, because the life ..f the structure depend^ 
upon the proper functioning of main supporting members such 
:us the columns or posts. The size of stock needed for any co umn 
will depend on the length of the column, its shap<>, the material 

from which it is made, and the load to be carried. 

172. Short Columns.—Columns in which tlie ratio of the h^iigth 
to the least diameter does not exceed 10 to 1 are called .short 
colunin.s. The safe load for .short columns can be deternnned b> 
multiplying the cros.s-sectioiial area by the strength of the ma v- 

rial in compression with the grain. Or 


SL = A X C 




where SL = total safe load for the column in pounds. 

4 = cross-sectional area in square inches. 

C = strength in pounds per square inch in compre.ssion 

with grain. 

In testinK wood blocks for .^treiiBtb in compression 

Z \heTeit diameter has exceeded 10 to 1. As the ra„o exceeds 
10 to 1 however, the safe load for the column decrease.s^ 

In a balloon f;ame the studs carrx- the load on the .s.de waUs 
They are braced in the direction of their lea-t diameter b> the 
siding when horizontal siding is used; the safe load is 
bv nfultiplying the total croas-sectiona. area 

's used ol a balloon frame, the studding wtU 

will be necessary to space girts at 20-in. ^.^e; 

orL members are used, the studs must be considered a, long 
(‘olumns. 
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desigx of COI.r.MXS axd floofs 2.35 

•o 30 ,o ,. Kor a lo„a o„l.,„.„ fonoa-iX^rill.'^ ' 


" here aS'Z, 
.1/ 


SL = *5*u).ir 

'00 + loM + j/2 


m 


.1 

c 


safe load for ,l„. ,.o|,„„„ |„ 
cr„s.-M.,,ional area i„ s,|„an. in,.lies 

"ollTh,'. a^^d'!'in";;'"'"';' "■ '”■ ,,ai„„ 

>n( cam m jiounds per s(,mire inch. 

hinmpli • jji .j I _ -ii , 

The iHKt i. 7 ft. (i i„. hig,,‘ ^vi„ '"'*'1 of 23,()(H) JI,. 

■'f".""' ’•leaden.cs, rati,, i,. tin' -, .'.r'ls“t|,r“r “'oasli? 

SL = f 'o X 18)25 X I,;i()() 

700 -f 270 + 324 
= 24.302 11, 

riiereffire thp =i_ i... .- • 

u.a„«. .La";:;;’:!;:'; 

1 ABI.E 4n.--,SAKK Ia«,Ar) FOR .StfKI ('r.. 

r>- ‘'ir,KL v OLUMV^ 

uni fillinj. f\S = 4 


lie 


P^r 

ifpfH 


^Jl- 

«idr 

dlAtii 

•*l^r 


Thirk- 

<rf 

8t^)ck ■ 


I-*nKth of coj.,„.„ exrlt.tli,,^ ha*. 


^ap, fefi 


U 


10 


.. ! 


r'B 

rs 

3''ir 

34''ir 

4'.S* 

4g 

V'.S 

■rg 


18 


a1 #»', 

(rj 

^ 79 

7 t 

7 ,»8 

10 J 

on 

11 .SI 
10 79 
U 98 
14 t\ j 
iO 7 h 


i 37.S 

i ir.s 

i 87.> 
i <i7.> 

3. .S()0 

3 .sort 

4 ono 

4 (lOfi 

4. j0»l 
4 .SW 

s 

> .Vi3 


0 I.',4 
0 218 
0 20.3 

0 27*i 
0.216 
0 .VW( 
0.226 
“ .3I« 
O J.C 
O .337 
0.238 
0 37.S 


14 7m 

ly.oou 

iVOOO 
32.80(j 
33.400 
4.S.200 

40 200 
3.S 200 
47 *;oo 
•'*1.100 
♦>4. .'Hjrj 
* ♦ 1 . 70U 


13 .300 
IT •HMt 

23.20f» 
30 .3f)f* 
•%3 1*X) 
44.40f( 
40.200 
if 10 


47 

64 

91 


•tW) 
100 
.50* > 
7<if) 


11.900 
lO.fXlO 
21 ..300 

27 800 

31.JOO 
41.700 
39 600 
33 Mf)o 
47.rm() 
'>i lOfi 
64 .SOU 

91.7I8> 


4 

I 


} 


• >• « 




^ • fttr* 


19.500 I 7. SOfj 

25.200 2.3 . OfX^i 

100 27.200 23.2fK) 

38. *8)0 . 30.200 3.3.600! 

37. W .r-, ,w 3.T. 300 29 .30fj 

♦« 'X"! U .4W ,2.2<X,:3r -HM, 

2.K, X,.,2,',xS 

700 lu 7,x, sx -xx i 

, 900 82.188) 02,2flO 
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Steel columns made in cylindrical form are well shaped to carry 
loads in compression. These columns must be fitted with bases 
and caps, however, to secure best results. Data on safe loads 
for steel columns of this type may be obtained from Table 40. 

174. Reinforced Concrete Floors.—No attempt will be made to 
discuss the design of reinforced concrete in general, because it is 
beyond the limitations of this book. There is, however, need for 
information on design of reinforced floors on short spans, as in 
cribs and bins. Only one-way reinforcing will be considered. 
Such floors should be poured as a single unit, but the reinforce¬ 
ment will be planned as for beams 1 ft. wide. 

It will be necessary to determine the load that will be applied 
to this 1-ft. strip of floor. (The weight of the concrete floor 
must be added, and therefore it will be necessary to estimate the 
thickness of floor that will be needed. If the estimate is too high 
or too low, additional estimates will be necessary.) Compute 
the bending moment produced by the load on this beam (1-ft. 
strip of floor). By substituting this bending moment in Table 41, 
the cross-sectional area of steel needed and the depth at which it 
should be placed in the concrete can be determined. 


Table 41.—Reinforcement for Concrete Floors 


Slab 

Area of steel reinforcement, square inches per foot width 

Thick- 

nasB. 

inches 

Depth of 
steel 

Wright, 
pounds per 
square 
foot 

0.10 

0.20 

0.30 

0.40 

0.50 

0.60 

0.70 

0.80 

0.90 

Bending momeuts. inch-pounds per fool of width 

3 

m 

4 

4^ 

6 

m 

6 

6H 

7 

7W 

8 

g 

10 

\H 

2M 

2H 

3V4 

3W 

4 

4^ 

5 

6^ 

6 

6'4 

OS 

7ti 

7>j 

8 

31.25 
37.60 

43 76 

50 00 

60 25 

02 50 

68 75 
76.00 

81.25 
87.50 

W3 75 

UK) 00 
100 25 
112 50 
118 75 
125. (H) 

2,700 

3.672 
4,624 
6.376 
6,240 

6.672 
7.M6 
8.400 
0.204 

10,140 

10,572 

7.002 

8.760 

10,440 

12,132 

12,072 

14.676 

16.380 
18,084 
19.800 
20.004 

22.380 
24.000 
24,960 

26.676 
28,410 

15,336 

17,832 

19,080 

21.600 

24.120 

26,604 

29,106 

30.468 

32,904 

35.424 

36,862 

39.420 

41,662 

23.400 
25,066 
28.368 
31.704 
36.062 

38.400 
40,080 
43,452 
40,836 
48.516 
51,912 
65,808 

1 

39,144 

43,284 

47.448 

49,636 

53,712 

57.900 

60.086 

04.200 

68.424 

56.364 

58.848 

63.828 

08.832 

71.316 

76.344 

81.360 

60.012 

73.824 

79.020 

82.512 

88.344 

64,164 

93,588 

100.900 

106.886 

119.400 
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hzampU. A wjrii crib 7 ft. l>t'tw«M'ii foiiiulatioii walls is 12 ft. (loop 
Uhat thirkiios.s of roinforco.l flo<jr slioiiM |.e u.-o.|? Whj,t numIxT and 
siio of irinforoinK rods would Im> iKHxIod * Ka.d, f.x.t of lonutli of floor 
would caro- 7 X 12 = M ou. ft. of corn (Tal.lo ;17 show.s that corn 
weiRha Ib. j)or cubic foot and concroto woi^rhs 150 lli. {wr culiic; foot)- 

"^ii^J^ “ that the floor 

mil be 6 in. thick, the weij^ht of the floor uill be7X05X 150 = 525 lb 
the weight of the concrete; 2.352 + 525 = 2,S77 lb. uniformly distril^ 
uted load. Thu. ,8 a simple l>eara with a uniformly distributed load 
applied without impact, and the bendinR moment is therefore 

hi X 2,S< / X 7 X 12 = 30,20s in.-lb. 

From Table 41, we find that a BM of 31,704 in.-lb. with a floor depth of 

ih T of floor and 

that 1 should lie placed 5 in. from the top of the slab. From the 

r 1 1 ■ spaced 6 in. apart or 3 

.-paced 12 in. would meet the requirement. 

Questions and Problems 

"■?« Tif n .n” ifC"* “■* -- 

A p^., r. z", a “i; 

huh. \U.l .hortJopf yoilow Pino .-nuld’ho ^iiirod?' "wi 

•teej pout would meet thf‘ need? required^ What size 

References 



CTTArTHH XXIX 
GABLE ROOF FRAMING 


Tn this chapter only rof^iilar roof types will lie discussed, 
because any departure from the regidar types becomes so involved 
and difficult as to be beyond the scope of this text. Iraming 
regular roof types involves an intelligent use of the framing 


scpiare. , 

176. The framing square is a tool that was designed to meet t tie 

needs of the carpenter at a time when the mortise and tenon type 

of framing was being used. The scpiare carries a number of 

different measuring scales, each named according to it.s smallest 

division. For example, a i g-in. scale is divided into • g » 4 , 2 m.. 

etc M in being the smallest division. Most of the special 

.scales'on the scpiare are now obsolete, but it is sometimes cm- 

vonient to kt.otv their u.«e. The long part of the .quare r. railed 

the btnly, and the short projeetion, the longue. The >o > s 
in. lot.g, and the tongue is 16 in. The square rs marie tn these 

lengths for convenience i.t spacing stud.s and raftem (s.ttds n 
hams are usually spaced 2 ft. on centers and in hou^s 16 in. on 
centers) The face of the square is the side that carries 
manufacturer’s stamp. The outside scale on the 
divided into sixteenths of an inch, numljered from heel f 
square The inside scale on the body is usually divided int 
..igluhs of an inch. The outside scale tin the back of the square 

is divided into twelfths and is the one used in ^ 

of the body is usually in thirty-seconds of an inch and on 

'“rtlie''bai'side of the bodv is a series of numbers under each 

ofVhetch mark^^L the outsiie scale. This I, the h-rd — 

To u-iie it start at 12 on the outside scale, and mo\e d 

mtil a number corresponding to the -^'h of the boarf b 
Move right or left on this line to a number on the outside ca 


r 

k 
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the length of the board in feet. Read the number 
here, and i twill be the board feet and twelfths of board feet in 

On the back side of the tongue is the brace scale. This is used 
to determine the length of brace needed when brace., arj pile d 

“30 over In ° 11 T number, 

30 indicate the spacing, and 42.43 in. (the number 



• - ‘i: 

Eilf'IF-t;;r o“'.f 

s» o, “■ point, on o„h -id'llXr." .T.'^inX' 

l^llnb brace required (30^„ 

froI^^rthlVot'aTdt - i-be, 

making eight-sided porch posts or .nT ^ »» 

(see Fig. 120 for method of laving o 
-e insists Of a number of dotsl 

-f!• am Ted” n”:„irplllS: Vafrl 

before studying the subject. The term I , understood 

a roof and I, defined as ^1^1;^?,“ Ir^’Z 
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rise divided by two times the run, where the rise is the vertical 
distance between the ridge and the plate and the run is the 
horizontal distance covered bj'^ the rafter (see Fig. 121). The 
plumb cut is the vertical cut at the upper end of the rafter. 
The bird’s-mouth is the 90-deg. notch in the rafter that fits on the 
plate. The fascia cut is the vertical cut on the outer end of the 
rafter. The plancher cut is the horizontal cut on the outer end 
of the rafter. The fascia cut and plancher cut meet on the work 
line, which is a straight line drawn parallel to the edges, usually 
2 in. from the bottom edge of the rafter (.see Fig. 122). 



GABLE ROOFS 

In a gable roof both slopes have the same pitch, and the rafters, 
of course, are alike. The ridge is directly over the center of the 

I • 1 J * 

177. Setting the Square for the Pitch. There are 
methods for laying out a gable rafter. The method selected Jtc 

through in framing the different 
kinds of roofs discussed later. In 
this method all the cuts are secured 



e Fascia ct/f 


-Birds mouth 


Plancher cut 

Fig. 122.— A completed gable 

rafter. 


by .setting the .square on the stock 
so that the 12-in. mark on the body 
of the square and the figure on the 
tongue representing the rise in 
inches per foot of run for the pitch 

spocifi.-d roinoid,- with the work line. For st,.,, 

ri,e in either ea«e, the huri.unt,d line ehould he eeeured hy 
marking along tlie aide of the .apuare repreaenting tlie run and 

vertie'i linti "" 
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IlSIV ltef<IIO lllis . I, „,||| 1,^ J,, 

. etcrmme the rise per foot of run, Thi., nuiy lx. determine,i l.y 
the formula 


Pitch = 


rise 


2 X run 


Assuming a | pitch, we have ^ = 


rise 


Fasc/o 


(40) 

- 2 ^ = 2 X 12, 

pte “e c“e u“; 

C. Determine the length of the rafter, and lav it off on ih. . 

work line. The length of the ^ ^ intersects the 

rafter may be determined by 
any one of the three methods 
described in Art. 179. Use 
two methods as a check. 

d. After the length has been 
determined and marked on the 
work line, the next step is to 

f titr XI sxrr 'xr • - 

distancT. !t t z;:‘z zt““" rr 

tho projection is to S 14 Z 
Patalle, to the hori^o: 

the tongue of the square for the XZ Zf 

/• Lay off the plancher cut TV,« u 

“TtZX “ XrdZruX 

J-ty. Determining Rafter Lenpfh_ ti , o 

To use this method, the total run and rii oZZfteZtt te 



Fig. 123.—Laying off the fascia cut. 
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(Icterininod. Using those two figures ;us the sides of a right trian¬ 
gle, coniputo the hypotenuse. The hyi)oteinise of this triangh^ 
will lie the length of the rafter, measured on the work line, re¬ 


quired to extend from the outside edge of the plate to the ridge. 

Measuring on the Square .—The outside scale on the back of the 
framing square is divided into twelfths of an inch. On this scale 
let 1 in. = 1 ft. and I'ta 1 in. .After finding the total rise 

and total run, lay off to this one-twelfth scale the feet and inches 
of rise on the tongue (f the square and the feet and inches of run 
on the body. Measure the hypotenuse of this triangle with the 



Approx. 

' ■ “ JT 




1 


\ j 






Fio 124.—Determining the length of a rafter by measuring on the ^uare. 
In the illustration the length of a rafter for a building 16 ft. wide with a H 
pitch roof is determined. The total run of each rafter is 8 ft and the total rise 
is 5 ft. 4 in. The measured distance is 9^2 >"• approximately, or 9 ft. t in. 


reduced scale, and read off the length of the rafter in feet and 

inpHpci Fiff 12*4^ 

Sievvi^ig Off.-mth the square set for marking the vertical 

plumb cut, as described in Art. 177, make a mark on the work 

line coinciding wdth the 12-in. mark on the body of the square. 

This completes the first step. For the succeeding steps, move 

the square so that the figure on the tongue representing the rise 

per foot of run coincides with the 

mark made on the work line in 

the preceding step and the 12-in. 

mark on the body coincides with 

the work line. Take as many of 

these steps or fractional steps as 

there are feet or fractional feet 

of run to be covered by the rafter 



>L--/2^->| 


Fio. 125. -Stepping off the length of 

ix ^ t n \ 

(see Fig. 125). 

180. Combination Rafters.—The process of laying out com¬ 
bination rafters is the same as for gable rafters except that the 
run and pitch of the two rafters making up the pair are not the 
.same. In most ca.ses the long rafters cover two-thirds the width 
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GABLM «r«ur FMAUIS^ 

«n'^-«*unl Ihr nidth. Thu 

»W r*4MM*. ***** unlinwily u*f<i; 

•ay ocW di«-iM dnaml'^ ThI ««»*^fourth or 

u u. w..,fc .r^uX‘1"' ^ 

-quwr for tw diir«vol piirh^ kLlT k! T ? ^ 

rWlrm BMiy hr (inrrwuiij^ ^ 

—::!7;j: T-rr*'’- ■'••■ • 



rtmrf iW 1 *.^, pi,,^ 


•JV plarricj 





m. Shad Ra/tm 

A ^rru t hn^to u. p„^ -pj .. .. ’ - 

*W Mr mw.i»r m for ihr g.l4r r«/t„ ^ ^ ^ 

w-k., ». «-d, ^ «rl.75.«.' rZ ™‘ 

!• OttMhtlWt ^ na^ ^ 127), 

' «f ihr km Pkiu-iTllI/inrHinrif *** fron, jhr 

I*r*m- Ihr «x^ ^ ^ **^ -‘utldinu t|„. 

pataiHJo* aod 

•'*’ **k*ai fruoi il _ 

yi-f •»! k>.» M-^aJZlZ. 

TV"*^'' **' l™<Pk IW 

•M '“>•» ««■ awM kiM. IV 

^**^»*i^ ia ikr hrichl td Ihr 

-wrd V tv “j"- "< '•- iJ...- 

^ oi fhr bfdVMlh. ^ ff.H„ 

«'^i«»i»ray i»„.d to 
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Questions and Problems 


132. Compare the different types of barn roofs as to ease of construction, 
appearance, cost, efficiency in use of materials, and advantages to the 

building covered. 

133. Make a sketch of a gable rafter for a biiilding 2(> ft. wide. The roof is 
to have a *4 pitch and an 8 -in. projection. Show all length dimensions and 

the setting of the square for cuts. Tse a scale *4 in. = 1 ft. 

134. Make a sketch showing a pair of combination rafters for this build¬ 
ing, the long rafter to have )-8 pitch. 












\ • 
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CJIAPTKH XXX 
GAMBREL, GOTHIC RAFTERS 

Gambrel and Gothic types of roofs are used extensively on 
barns because of the advantage of securing a large amount of 
storage apace the mow. However, thia ,„re of Lf l 

problem where an attempt is made to use one type of architecture 
throughout the farmstead. Other buildings are not well adapted 

0 this type of roof, and consecpiently there is a lack of unity in 
the architecture of the farmstead group. ^ 

Gambrel Rafters.-Each side of the gambrel 

mate aT T '-''P' “PProxi- 

of matr 'rr ^“nJ wvcs the hc.st placement 

gpbrel roof are deigned to fall „„ or nea;H:i.: cutrC Z ^ 

Sion, equal to the width of the barn ) The fi^rraf; T"' 
mately 30 deg. nith the hoLontfil Ti i ^ 

welfpLlirtn atTain'r''-'’H "■« 

In this type of roof, aince tte 7,W,fedg7 ofThe'!"''' ’’'r'"*'' 
placed even rrith the ouWde edge of the plate hi "te 
the outside edge of the rafter. To lav off m L 

mark on ti:tn7r:an’d t7e" “I 7“'"^ 

cut on the°;p irrafte ^rc^raTr""^ 

coinciding Wdth the work Se. Thl^mlt^thTn^Ta7d S 
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1 ABLE jr‘2 .—Data on 


( i s MBUKI/ 


I^AnERS* 


Width of 
barn 

1 

Length of 
lower rafter, 
feet 

J^ength of 
upper rafter 

18 

8 

5 ft. 9 in. 

20 

9 

6 ft. 2% ill. 

22 

10 

6 ft. 7?4 in. 

24 

12 

6 ft. 1034 in. 

26 

12 

8 ft. H in. 

28 

14 

8 ft. Yt in. 

30 

14 

9 ft. 2% in. 

32 

1 14 

10 ft. 4>4 in. 

34 

16 

9 ft. 6 Vb in. 

36 

16 

lift. 6 in. 

38 

18 

11 ft. 6 in. 

40 

i 

12 ft. 7J4 in. 


* Data apply to and ^'24 pitches. 


rafters exactly alike except tor length. Table 42 gives the length 

of each rafter for different barn widths. , i f 

183. Wing-joist or Braced-ralter Framing.-1 he gambrel-roof 

truss may be constructed in several ways. The wmg-joist oi 
Wed-rafter type is shown in Fig. 129 This is one o the 
popular types and is recommen.led for barns 34 ft. wide and less. 



Ir’rt'L, Vhe io„i. .. .J. ndsr ^100. 

yenee« an an arch. 
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nu'iiilx’r must. l»o iiuulc to prvvj'nt luirkliun 

must hv luiido from oxtra-l.uinlh luatorial. This oxtra-lciinlii 
material is not ordinarily st.s-krd in tho lumlK>ryanl, and, as a 
result, this tyi)e of roof truss is verx' exiK-nsivc. 



Fig. 130. —The Iowa truss. 


THE GOTHIC ROOF 

186 Design of Gothic Rafters. Gothic rafters 

hendtg orLing the stoc-k into the form of an ^ ^ 

the radius of which is equal to twc^thirf-s the width of th 
ing The center for the arc is located on the p a e ^ 

lowered so as to make the height at the ndge apP»-o^«"^^!> ^ 

strong to hold their shape mthout bracing, therebx giMUg 

raftci. are made by nail¬ 
ing wide boards together so that the outside edges «-iU tnm to t e 
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gambrel, gothic rafters 

desired radius with a minimum of loss and with the best placing 

of materials for strength. The rafter may be cut to shape with 

an ax or a saw Prom four to six one-by-twelves in varying 

ngth.s are used for this type of rafter, depending on the span 
and the strength needed. ^ 



or gluing tl,e,n »n .luu j I v il lull; 
l>ination of sawed and bent raft,.; V ‘ 

'vhere a Gothic roof is desiivd Thl t^^tvnsively 

each bent (every 12 ft ) and the fillc 

rafter type (see Fig. l4) " 
































SThL Cri H I/. I.>I■.S^G\ 


I 

189. Combination frame and roof trusses < an U* ina<i«-, wsinK 
built-up staniling and raftor- all in one piew. 1 hi.« tyjK* of 
ronstnu'tion offers some diffii-ulty in fa-toning the joists, and 
also recpiires the use of horizontal siding 

190. The semicircular frame and roof truss is u.-ed in s«jni« 
sections of the country for poultr}- hou--e>, hams, or inar-hinerj- 
storagc houses. In this type of constnietion l>ent rafters an- 



bmlt up in .he fom, of a ^....i.-irele an.l :.«■ -nHy U-.enM 
,ho rill and .he foundation. They are epaeed ~n, 2 to 3 f . 
apart and then aheathed <olid. To add 

r,»f drainage, and i.i.prove the ap,H-aran.-e of the n. P. ^ 
ridee board ir plae.-d ab.oe the rafter-, and eo.r-.r.e-.ion . 
:X out front it Thie -en.ieirenlar t>T. ha- -onte ativ.n aae- 
over the eonven.io.tal ty,*’ of -tnictun-. It retpun-- oid.nar 
.took lumlter thr..nehout. it i- economical of n.atenaS and hae 
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opiMiiiiK at the ji,notion of roof nnrl 
'vonid be lost. 


walls through wlii<-h hent 


vuestions and Problems 

wide- 1*^ ft to**tt!p**^J°t ^ ' driiw a sectional view of a barn 34 ft 

» ft .L' 'td flotr sto -"O"' 

ISB sl„ Ts r “P""-Of “■"•K joist rafters in place 

■no bnildtrst^eVlilwithe 



CHAPTER XXXI 
THE HIP ROOpi 


The hip roof is constructed so that water falling on the building 
drains off on all four sides (see Fig. 133). The rafter that crosses 
the corner of the building and carries the sheathing for the two 
adjacent slopes is called the hip rafter (see Fig. 134). If the build¬ 
ing is square the four hip rafters meet at the center. In all 



Fio. 13.3.—A hip roof. 


naular hin-roof conatniction the hip ratters cross the plate at 45 
deg ro'-, in other words, this rafter bisects the 00-deg. angle 

made by the two sides of the building. 

191 Laying Out a Hip Rafter.-The run, or the hor zonta 

distance covered by the rafter, is the diagonal of » ^ 

tUh of the building. The rise of the hip rate . euual t h 
rise of the gable rafter tor the pitch of roof specified. 1“ 
gable rafters, a setting on the framing square of 8 12 m. f 

rafter use a rise of 8 in., and a run equal to the d'ago 1 ' 

square 12 in. on each side, or approximately 1< m. Ih , 

1 This disrussie.. has to do only with hip roofs that have equal pitches on 
all sections of the roof. 
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making the aide mark of the plumb cut, uee a netting of 8 and 17 
in. and, for horizontal cuts, 17 and 8 in 

mal ar„ng\he 8ir”ide”“n" 

ng me 8 m. side, i hen square across the top and do^^•n 




^Hip rafUr "'■Jac/c rcffer 

(a) 

r.o. 134 ._p|„ kip ,p„„ 


^^ah/e r^fer 

(b> 


the other side by setting the snuar(‘ on 8 -.n,! • 

shown in Fig. 135 by lines .4,4 and 4'4' ‘ ^ 

.able raftern if the length of the bun! 

To necure thin cut, move the a.,uare tolai^tt eld „7 he"?«* 



Fia. 135.—Plumb out on hip rafter. 


.... 

t>ra\v line HE parallel to 4 4 snnn ^ sto<‘k used. 

diagonals a.s shown. The lengdli of tZ ""ZZ" 

P-‘ of the r,af.er at the worriinTitS'ln lllnt'S! 
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tance between lines -4*4 and BB. This lenf^lh can be computed 

in any of the three ways used for gable rafters. 

If the square-root method is used, it is necessary to hnd the 
total nm and the total rise of the rafter, square them, and find 
the square root of their sum. To shorten the process we may 

use the following formula; 

Length of t he hip rafter ___ 

_ ^2 (run of gable rafter)- -(- (rise of gable rafter)* (41) 

In measuring on the square, the method will be the same as for 
gable rafters. Lay off the total rise to scale 1 in. = 1 ft. on the 
tongue of the square and the total run to scale on the body, and 
measure the hypotenuse of this triangle to secure the length of 

If the length is to be secured by stepping it off, take a.s many 
steps as woTdd be necessary in stepping off a gable raft^er for t e 
same building, ^^'ith the exception that 1/ m. shmdd be u.. 

instead of 12 in. on the body of the square. „ • , • i 

\fter the length has been determined, the bird .s-mouth is lai 

offTn the same manner as for gable rafters except that m set ring 

the square for the pitch a run of 17 in. is u.sed instead of 12 in. 

The run of the projection for the hip rafter .vtllbe 

of a square whose shies are equal to the project,on of the gable 
rafter If the projection of the gable rafter ,s to be 

projection for the hip raf.r^will ‘j Z 

birdCiJiovh * wUh the outside edge of the square parallel to the 
r .nTal^ut of the 

n. MrvrhoLnttnv along the rafter one hah 

the thickness of the sto,-k each way from the length Ime. 

tlle veitical side lines square across the stock on to . and^drau 

two diimonals. These iliagonals cross at t»(a,,.ia board 
giving the outer end of the projection^ If there ts a l^sti 

on each side, the pointed rafter will tit into each ptae. 

This couq.letes the rafter with one e.xcej.t.on. ho h,p nt 

I K 4 «jf Mip oil tut* lop 

r;r: 

[;;;:ri::ra^:rdf:i,r^^ .. 







I Hh nil* Ik ut!'' 

nue metb<xi is f., lower the e.ifies of the rnfter l.y e.itfinK the 
h.rd s-mouth .iee,.er. ar.rl the other method is to crown the rafter 
en tmg off the projc-ting edges (Figs. 136 and 137) 

192 Jack Rafters. -The variahle-length rafters exten<iing 

from the plate to the h,p rafter an> ,-ailed Jari- rafUns. The 



■Honzofrfa/ /me. Lertafh 

% ifa/ to of9e half Ihe 

ickness of slocA. 

perpef7£^icu/ar fo of 
• — a0701/0 f to coov^fo 

! raffer 

\^^/~peo^/ce//cfo /the eat/a/s 
amoa/rf fo lower roller. 
rio. i.jb. Lowering the hin ruffor j x 
»»fter. proceed as follows; V\ iO, rafter set aaiount to lower tl.e 

I rom the lower edge of the rafter nio« ■ i* horizontal line on it 

.f ;i.. .lock. Th, let.; r."^" •» "■■■ 

the bird b-mouth. amount to lower the rafter in 

know the run and the i it h r tk rafter, it is necessan- to 

2 ft. apart, the san:: for 



.-r —« 

rafter at the plate toThe corner ot'thTr IT 
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plumb oul to lit aj^ainst the hip rafter, prui-eed as follows: Lay¬ 
off the length computed for the center of the stock on the long 
side of the rafter. This will shorten the rafter enough to make 
up for the thickness of the hip. J )raw a jdumb line through this 
point (Fig. 138). The plumb line is the same as for galile rafters 
of this pitch. Move over horizontally toward the bird’s-mouth 
a distance equal to the thickness of the stock (Fig. 138) at right 



Fio. 138.—A jack rafter. 


angles to .4T. Square across on top, and draw a ^^gonal as 
shown in Fig. 138 A'B. By cutting on the lines BA and A. , 
we secure a pointed cut that allows the rafter to set square across 

the plate and fit against the hip. 


Questions and Problems 

137 A building 20 by 36 ft. is to have a l^-pitch hip roof. How 

J.™ win be „ec,M . .bi» ro,,n H,„. 

llfr: .ilHbc bip n.t,„ be, o„ .be 


work line? 

138. Make a top view of 
scale 5 ft. equals 1 in. 


this roof showing all rafters m place. 


Use a 
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Buildings for Storage 


CHAPTKH XXXII 

FARM MACHINERY-STORAGE BUILDINGS 

^Ve are living in a time known a.s the nuichine age. .Munu- 
fartunng hjis Ix-on spevch^d up and labor requirements reduced 
by asc* of more complicated machines, equipp(>d, in many cases 
with automatic controls so that th.‘y do their work \vith a 
mmirnum of attentum. Transportation, mining, agriculture- 
in fact, «‘very occupation is being mechanized at a rapid rate 
iinng the la.«.t two decades farmers have found it increasingly 
difficult to secure satisfactory labor. This has forced them to 
turn to larger capacity machines that enable them to do their 
«ork without hiring help. This, together with the need foi low 
cost pnslucf ion, has been the leading influence in the increasing 
mec amzation of farms. Farm-management studies show that 

machinery makes up 5.8 per cent of the total cost of producing 
rolls, power. Ib.p per cent; and labor, 15.8 per cent.' Farmers 
ba^e r^ogmzed the importance of the power and labor items and 
have bejMi reducing them by increa.sed use of machinery ' 

thi K Storage.-Where one man cuts and 

h^th"" ' r" operation, it necessarily follows 

^uir,^ if h. w„,. d..p,.„ding a grater o" 

... " "--i™. thai 

Production.’ 

2o7 ' 


HVILDINGS FOR STORAGE 


2oS 

ha.s been properly housed between seasons \\-ill be more depend¬ 
able than one that is left in the open. 

Efficiency in use is usually influenced by storage. A machine 

that has been allowed to rust and become damaged by exposure 
may require several hours or even days to smooth up parts until 
they will operate most efficiently. Many machines are used 
such a short length of time each year that it is easily possible 
when they are not properly housed that a large percentage' of 
their work for the year is completed before all parts are working 

at their highest efficiency. 

Inspection of machines should be made during slack seasons 
and repair parts .secured and instalh'd. Fence-corner storag.- 

makes this impossible. 

Use Fac/or—Machines may be used almost continuously in 
some factory operations. These machines may be worn out ,n 
a few years vMth such use. In this case hou.smg would not be¬ 
an important factor in management. Since many farm machines 
are used for only a few eight-hour days each year storage between 
seasons is a problem that must be given consideration. \Mien 
the annual use factor for any machine is low, it is nec(‘s.sar> tha 
Ihe life of the machine be extended over a period of years, increas¬ 
ing the importance of care between period.s of use^ 

Replacement cost of machines is sometimes the on \ at 
considered in the question of the economics of storage of machin- 
oT Therrare two schools of thought on the question: one 
group for and the other against the investment necessary for 

use factor is high, and the climate is not 

storage would obviously not be so important under . uc 

ditions a-s it would be undet le.ss favorable 

The following factor., are generaUy 

the life of a farm machine; (a) the ^ 

not in use (I.) the degree of earefulnesa with which t .s op at jj, 

„i ,1, -SI. •■»'> 5” r:”!. ui.li 1 

“""ruS'litSSt .Ie i».. -1. ™. 

and (/) the design and construction of the ma 
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In a study of marhinery in northwest Missouri, the life arul 
I ISO of machines is reported as shown in Table 43 The esti- 
mated decrease in the life of machines due to lack of housing was 
bas(>d upon the opinions of farmers consulted on the (juestion 
The percentage, reduction due to lack of housing wa.s decreased 

somewhat as a result of the imperfect housing given machines 

listed m the table as being housed. However, a great majority 

of the farmers whose farms were studied made a practice of pro¬ 
viding some shelter for their machinery. 

It h^, been observed that the repai,' bill „„ two machines will 
not differ greatly if one is housed carefully and used over a period 

tinr" K^Zre'*"'^ the other is negleeted and worn out in a short 
time^ If there is a difference it will be in favor of the housed 

naehine. Assuming this observation to be true, the machinery 

lost over a penod of 30 years could be computed under two 

methods of management. A machine shed mav be e.vpected to 

fa™ei :vlu7br-‘'’ “■e amount of moiiey^haUhe 

laimci v^ould be justified in spending for a building to reduce 
replacement cost alone can be computed 

3 ct" pe' Tft''oTr“‘ charge of 

a basis for comparing cost against benefits ^ 

Lven though it is not possible to justify an investment iu o 
theJe'a^ saving in replacement cost of machines 

HrI? =Si“ "C::;: 

a combine on which there is probably alreadv^a'loan' nested 

the bank »‘anl„g It 

in akr olTmtlimlnr T ‘he balance of power 

and it behoorZmt kl“p goS™^ orpfo I ’ 

Careless practices.' especially thoilTLTmtbe Hen tadir 
194 , Requirements for "'h”'- 

for machinery-storage buildings are ver,v iimiW 11“^ 
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'Pabli*: 43.— Hats on Stora<;k ok Farm Maciiinks 


Name of machine 


Life, 

voars 

(housed) 


Mower, 5 ft ... . 

Mower, 6 ft... . 

Sulky rake, 12 ft 

Sweep rake. 

Stacker, overshot.... 

Hay loader. 

Walking plow, 14 in.. 
Sulky plow, 16 in. . . . 
Gang plow, 2-14 in. 
Tractor plow, 2-14 in 
Spike-tooth harrow, 

two section. 

Single disk, 7 ft. 

Tandem disk, 7 ft.. . . 

Holler. 

Com planter. 

Corn cultivator, 1 row 

2 row. 

Rotary hoe, 2 row. . . 

Corn hinder. 

Silage cutter. 

Kndgate seeder. 

Grain drill, 10 hole.. . 
Grain hinder, 6 ft .. . . 
Grain hinder, 7 ft... . 
Grain hinder, 8 ft... . 

Wagon. 

Manure spreader. . . . 

Lime spreader. 

l^^eed grinder, 6-in. 

hurr. 

Gas engine. 

Tractor. 

Autoinohile. 

Comhine, 5 ft. 

Combine, 10 ft. 

C V)inhine, 12 ft. . - - 

♦ Smith. T^. 

IU33. 


23 5 
17.0 


S 


First 

cost 


15.0 
10.0 
10 0 

M. 


'Potal 
repairs 
during 
life of 
machine 


27 50 
54.00 



2.60 
17.64 
19.26 
2.18 
14.30 

24.57 
25.60 

4.00 

39.58 
83.20 

0.78 

24.00 

31.67 
39 35 
28.42 
36.10 

16.67 
2.32 


600.00] 125. 
1200.001 245. 
1500 .Ool 358. 



10.0 

12.0 

16.0 


Storage 
space 
required, 
feet 


6 by 8 

7 by 8 

6 by 12 
10 by 12 

9 by 104^ 

2 by 7 

3 by 9 
5 by 9 

7 Why 12 


3 by 3 
3 by 3 

7 by 12 

8 by 16 
10 by 14 
12 by 15 
15 bv 20 


Unxv. Mo. Agr. Expt. Sta. Re.oarch BM. 197, .lune, 































































farm machinery-storage buildings 261 

those for animal shelters. Machines should be kept dry the 
storage buddmg should be tight enough to exclude birds, poultry 

A concrete floor .s desirable, although not essential. It lidsTn 
keepmg maclnnery dry and makes handling much less difficult 



Fig. 139.— An open-front storage shed. 

Heavy machines settle into loose-earth ^ ^ 

the ground may rust considerably If the floor is d»'* 1 ,”'^“ 

should be blocked up to prevent damt. SdTavTftr 

may b^d satisfactorily for machL-std fltm 1 ^ 





OrNe Ihroiffh secNon for 
Wagons a/7c/ spreac/er 



I_ 

Fio. 140.-A closed «hed Vth~rriveTt'i;ro;^iile^ 
floor will pay for itself by easine- flu. fa u r ^ • 

machines from storage. ^ removing 

of Equipment Used Freouenilu—Ar. r 

house is often used for waa-orvj m ^ ^ ^Pon-front storage 

used frequently. A shed ope; t7Z 


































































Hrii.nisas foh sthhagf 



when* it oan lx* u.'xxi. A depth 14 or Iti ft. caii I**' 
ii.>i<'d when* machines are hackcxi int^) -taHs. The lenjrih will 
depeml on the lummnt of e<|uipmenl to be stored '.see Fig. 139). 

Shtragt' of FicU Machinery. A coml)ination house r<intaininE 
space that is eneli>s4‘d for the machini-s usixl during a short 
season ainl a drive-through .s<‘rtion for trucks, wagons, etc., is 
shown in Fig. 140. This open section will not provide such 

go(Ml conditions .as the clos4-d s..rtion. but the conveniene*- offcnal 
will probal)ly result in the equipment b<‘ing ston'd most of tin 
time, whereas the inconvenience of th« chwsl st/)nigc might Is- 
the cause of its b«‘ing left in the o|K n much of the time. 



Fig. 141.—Doubls-dis-k stonMfp 


When' e.vtra space is needed for light equipment, a uarn.w 
balconv or a wide shelf is sometimes built along the back wall. 
If it is made 4 ft. high and 5 or more ft. wide, some machim*s can 
hi- stonnl under and some on this platform. If drxirs are prie 
\-ided for drii-ing through, the platform may Vx* built on one side 
of the drive where machines may be transferred from a wagon 


directly to the platform (sec Fig. 141). 

The' combine, espeeiaUy the larger size, creates a problem in 

storage It is too valuable a machine to leave in the op^, and 

mJTowners do not v^rish to disassemble it for stooge b^-au.- 

of the danger that parts may be lost and dela> at hanes 

result To store the combine, a building with wide oors am 

no center posts i> needed. In certain ^‘•tiom m 

storing wheat, siinplv putting the wheat m a larp pde on th. 

If the fanner hn. hi.- own track he can take ht- t.mc ... 

niarki't the rrop. 










yACHISEHY-STOHAUK Bl ILUI\(;s 


2(i3 


for 


machinen- and horw an> u^l ii h » 

r« I- for^r^ , “ 'I 

ion^. Wh *ri„d,.r. ^ dnll piCl! T''- 'to'.-, 

took, m*y be amuinpd to he e,jii. 

V rnient for work and yet be out of 
the «ray for stora«e irf nuu hintw. 

Figure 140 -^howt. ^ueh an arraii|p>. 

•nent The nhop I4ieat4<d k-^ide 

the driv«Mhro»i|di ahirh 

"»*kepi it vpr>. convenient for 
eummer work. 

The .bop a^ ^,ra«.- may h*. cHninne,! i,, «,me ra..,^ Th . 

‘ «»e M one «»f the fimt erwu ntial- for the fann Mhon O ’ * 

•^onrtnirtion work can be done In .k • * ' 

pi- to woTc^ 

ran be moved e^lv ^V. ' ^ ne^d.d, the 

I-..I1 in thi. .p.,^ W,n “Ir^hT "'■ "'“‘P’"-"' 

"I— .nl»r daj-. [h.l .r.. Ip., vdu,bip for olh.-r 



/ 




>1*. H2.—He«i.i<nrrtiU4 ro<,f«,(| 



141. 




fn s^op %u«J 


^«>ond.tK« to *««J ma^ hin.^ 

•inU pn^. ^ ^ ^ and andJ. 

fan^ -tu.pment a. .. 
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conditioned, stored, and used. A saw filed on a winter day 
saves expense and saves time when it is needed at a later date. 

Questions and Problems 

139 “Farmers are becoming increasingly dependent on machinery.” Is 

necessity for housing machines 

farmer'sugysts that instead of storing machinery in a storage 
bu ldtg heavy oil on all working parts at the end of each working season 
Wd he adequate protection for the machinery. Is this a correct solution 

M»k™ fet of Iho machinery used ou a farm with wtah you arc 
f.”Lr tkruc L cost of owuiug each machiue for a SO-year per.od 

without housing; with proper ^ .. ^-hat 

143. If a machinery-storage building cost 3 c s. > 

would the fanuer gain or lose by t'eAachine. that will 

144. From your list (question 142 « .-ill benefit 

benefit moot from proper housing and (b) the hvc maeni 

'"ufi. Could farm machinery be designed so that it would not need housing! 

Illustrate. 




CHAPTER XXXIII 

HAY- AND GRAIN-STORAGE BUILDINGS 

factor tf hP method of putting hay in storage is a 

factoi to be considered m planning hay-storage buildings For 

many years it was customary to pitch hav by hand horn the 

uagon into the loft of the barn. This practice probably started 

the custom of providing a central driveway in the barn. With 

the development of power haying tools, forks, carriers etc it 

became just as eonvenient to take the hay in kt the end of ihe 

bam and the necessity for a central drivewav wa.s thus (>linii 

nated. A large door at the end of the barn and a projecting roof 

are used to facilitate storage of hay by this method When the 

iar*? handling hay supplanted the fork method still 

larger hay doors and a stronger carrier track were necessan 
he conventional method of storage provides space for loose" hav 

into tie'st . ' Sufficient'strengih rbudt 

gro> j, “the: Set trivet™ 

ps rXe orTaut "57"? 

made, both for ffettin? h«v infS+k f modification is 

additional amounte are stoS 

The practice of chopping hay and blowine it into +lnp 
beconung more and more nonulsr n i ^ ^ ^ 

into the mow is required for fhe ” ^ opening 

pipe, and the ,pat“ h 

Width and height as comnarort 1 reduced both in 

.nee trotS ttet 


ii\ iLDiscs i-nu sron.uii-: 



roquin-d is norossary in this motliod of storago. Tho arra?m<- 
iiiont and drsiRii of rhutos for tho most convoniont handling of 
ohoppod hay is somowhat diffrront. howovor, than for tho long 
hay. If chopped hay is stored in an overhead mow xmi.- 
strengthening of the sfnicture will h(' nece>-ary. 'Phis may he 




Door 


t 


Siu^din^ 14 o^c 
Inside walls of 
i^^Mesh Hard¬ 
ware dofh. / 


Concrete door 




Sue Hon head 

venlilalor ' 


Shee! meM 
siding - - , 


Blower 

pipe 


'^-'Cinder fill 

Arrows indIcafe o'r curren-Fs 
Kir.. 144. Hay kwr>er. 


Air u/Jei 

opening 


accomplLshed by shortening spans or Ijy increasing e - 

number of other members. . 

The practice of chopping hay has led to t ® ^ 

ofecLmy and strength. A weatherproof covenng . p 
Itside. and wire netting similar to hardware cloth is placed 































































HA y. AXIJ GHAlX.SToHAGh: HI ILOJXas 9,i7 

rE;':=;;;r-a .~ 

aiy,"-Zf; '“.z""* -'i> "'0 

i-quipnicnt fur the -itruoturc'' Tl'•'“' 'eiitilation 
pany of For, A,ki,Z„ Wis ,! ■''“'‘'"■■''■""■“S Con,- 

-trartur,.. Th,. l,„ildi„B shown in'’FZZTis Z’ft r'''"" 
and 20 ft. higli with a 5- bv ^ ff . ♦ ' i ^ 

05 ton.«^ of out hav. ‘ ’ ^ 

(->n .soino farms a dofiiiito 
attempt is made to dooroasf' 
the labor required to care for 
the hay at harvest time. The 
tmy i.s stacked in the field or in 
storage barns located in the 
field. \o time, therefore, is 
•‘>st in hauling the hav to the 

pr z: :;;izzzr" 

,ZZ'-"o P-0-- M “r 

"ith (his nii-thod of handliiiE l.av ir I . 

'I«ari„,h..,„,i,„a| sh,.|„.rsforaU,.a , o '''""'-"P' P'Pvido 

'hrooBh ,h,. »in.,nsoas!:a 

the feeriing barns. ' and -^Mpply 

. / "at^ner, agricultural engineer u-ifh i' , 

Klectnfication Administration has mil 

'•nst of putting hav into storace bv H ^^le 

a recent .season 100 having crews methods. During 

ding.s were timed. They averaged n nfin f/ 

I he .^ame 100 cnnv.s were timed mifri” ?' *'’^0, 

-'"'Pls-r me,hod. They averaged iTmZ'’ If 

.. . 
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fiold storage ham for hay. 




m iLitisas I'oii sTouAdt: 


2<i8 

under cover at the rate of thn*e loads p<‘r hour. Sa\ing> nia^le 
possible bv the chopper method frequently ran as much 40 
cts. per ton handled. The following comment from an cxim h- 
enced operator is typical; “For ten years we have put up all our 
feedinp: hay by the chopper system and our market hay by fork 
and track. In chopping hay we load two wagons and then come 



Fig. 146 .—a central grain-storage building. 


stonn* gram cm tl„. „thiT grain i> dWril.- 

ha":' 'hli r’nhs or i.in. locaind hr .M.-r-n. huiMina. 

.1 _... 1 , 4-v»rt onimsil^ thpr<^- 

























































may. a\i> GKAiy-sroHAdh: Hrirniycs 


2«il) 


In tin. r,n,ral ^roffr »y^rm gmin fod on thv fann ninsl Ih^ 

•I fm|U. iil inl. rval, thruuKlioul tlio vi ar. ni,. >l..r.iB,. I.iiil.linir 
may l«-,j.al »i.l, an ..l.-valnr an.I .lump «o thal Brain .an 
!«• naaily. H, u,. of Imppor l.ina an.l an . l. vator it is 

p.~ahl.. to move Brain from one I, in to anotln'r in e««,. of h. atinB- 

Z !'„r f'"- Pr-e-eaeinK 

Z T . T -r •- « purrhaaer in . as,. 

, : Iiae some <lisadvaniaB.-a, tin- prin.inal 

the .hole rmp tn on,- hnil.linB. It has am... a.IvanlaBes 
aber.- Brain is p,y.,s.o,l Wor,. i, j, 

ifi UM-d in haiulHnic it. 

Wh. n ^in i. d,^huUH at han into rrihs or hin.s lofatf-.l in 
hm-n^nt huiM.ngs when- it i. t.. U- a-^vd. llu* lalnir at tl.at parti, 
lar t.nu. u. gnaU-r than in th,- f,.ntraJ ^to^ag,. hut the 

c*tjnv('iui*nn* of liavinc th#' irraiii liivtriKut i # • * 

It la n,aai,si may offs,-! this Jisa<lvanlaK... .-(im.,. an onlsi.l,. 

..»n<l ' a-ily mov.al, it h, valuable in 

st.aanB Ktain in .listnbut.al storaB"- bnil.linBs 

^ ABrirnltur^ A,lja,tm,.nt Art of |.j:t8 pi„vi,|,, an ev.r- 
normal ^atmra plan for wlirat. This pniBrain inrlu.lr» arnU- 

l^td^m y loan,, anil, in tini.. of 

Mlrplasf.sa, marketing (|Uota^.> 

rv. r ... "n'l-r the 

Kranar>- pn»gram are a*. foUou>: The hin or granan- 

-nt .t™.t„„. that .all ,o) Md .heat .aZl, r'ff^i'a'^:.' 
r^u«‘*"l ' ” ■ ’***'"■'“ ronditiona tijt woui.l 

'.v^^ artlauTd"" -—I 

^ . . - ,.4^1-^ CoMUIloditv 

^ >y ■» Depmiuent of Agnruhu,^, M.,- ,93^ ' 
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largo extent on the wheat moisture content and wheat temjiera- 
ture. Where the heat generated bj' excessive respiration is not 
removed i^romptly it will raise the wheat temperature and 
increase the rate of respiration. Unless the heat and excess 
moisture are removed, this self-accelerating process will continue 

until the grain is unfit for human consumption. 

The maximum safe moisture content for long-time storage in 
nonventilated farm structures varies in the diffcrc'iit wheat- 
growing areas, depending on weather conditions, the kind ot 
wheat, the grade and condition of the wheat when .stoied, and the 



Fig. 147,- A double crib for corn. 


l,.ngth of time the wlu-at is to be held, but, in g.mcral, it may b.‘ 

said to 1)0 from 13 to 14 por contJ 

The AKriniHiiral Adjustment Act of 1938 provides also an 
ever-norinal Krauar,- plan for eom.= The rei|uiiemenls or corn 
storaRe under this plan are stated briefly as follou-s; ( ribs liillst 
provide adequate velltilatiiili facilities to condition the loiil 
properly and be so located and of such substantial coiistriietion 
us is necessary to afford protection agaiast weather and indents 

for a poriod of not It^ss than 2 years. i j r 

198. Cribs and Bins.-Wliere grain is shovided '■'om t 
wagoits into the bins by hand, the height of bin is limiled to 12 or 
"rhaps 14 ft. (see Kig. 147). If the grain is handled by meai s 

1 KEl.i.av, C. K., Men,nils iif Veiitilalin* Wheat in Van., Steraae., I 

'"."com- Cefn Stl,*,. in the Vve,.n„„„.l Granary, Cinn^lily l.,r„rn,.. 
ti„n HcricB issucfl by U.S, I^partment of Agriculture, .lune. 193H. 
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of elevators, the height of bin is limited only bv the type of 
eleva mg equipment and the type of etruoture uled W FigTjbT 
The design of gram bins, especially in the larger sizes cLls for 

lateral preasuree (outward thrust) on bin walls The 'tZZllt 


L = 


WR 

f 



1 


2.718 « 


(42; 


where L - lateral pressure in pounds per s(,. ft 

I ~ feet = 

“ -a 'rpr-m:;te:r‘“... 

i - »tuZnT","f 

A - latio of lateral to vertical pressure. 

" the dei)th of grain at any point, 
in the application of this ffirrmiio ;+ ■ 

for / and h for the diff.., ‘t is necessary to have valu.vs 

These values have beerLT^'"- types of walls. 

Ifiven in Table 44 ! determined experimentally and are 

Tsi„.e 44.-DST. r„a Compoiiso P,s»,u,ks i.v Gmis ».s,. 


Kind of grain 


Rough 

boards 


Smooth .Galvanized! 

boards iron ' Gon<-rel< 


/ 


Wheat 

Barley 


k 


f 


k I / 


I 


I 


k 


0.425 
0.452 
0.466 
0.423 
0 442 
0.414 
0.850 


0.600 


0.300 


"^^OjO. 450 0.400 0.380 0.468 

Oats .In ■ ® 380 0 376 

Shelled corn. \n 380 0.412 

Beans .P' 0.3080.380 0.374 

Flaxseed ' " •.P' tnr S ‘ ' ^^^P' ^ 366 

Rye. .P ^°JP ■ 555 0.308 0.500 0.339 

0 540j0 300jo. 460 0.300 

Long, J. D., Agr. Eng. y., Vol, 12, No 7 n >74 1 , 

' ^ p. 274, July. 1931. 

apprcciahh^ amount of tin* weieht of th * 

z:: TTz sti,:'”- 

■ T.hle 37 7. P 274. -'ulv. 1931. 


ma\- be 
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determined approximately by multipljnng the total inside-w all 
area by the average lateral pressure and this by the proper 
coefficient of friction. Floor pressures would, of course, be the 
total weight of the grain minus the weight transferred to the walls 

by friction. 

Floors may be of wood, concrete, or tile. If made of wood, the 
floor should be located well above ground to prevent rotting and 
to keep the grain away from soil moisture. Some feeders build 
their cribs with the floor 3 ft. from the ground to provide a place 



F,,,. 148. A single crib ^^•ith space for hogs beneath. 


for »toek hog. under then, (.ec «)• 

neecary in tin. ca«e to prevent duet f™"' ^ ^ 

r ::r;r::d "f: :h:r r t^n-ovuie 
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th<; top of this doth a pioco of motal is fastonod horizontallv to 
M-rvo as a rat fender. U'hen* cribs are not in contact with other 
buildinf^ rats and mic<* an* thus prevent'd from entt'rinn 
As a KcneraJ rule, wider cril«. can !«■ used in the southen, edire 
r»f the corn licit liecau.st* of In-tter drying conditinns in the fall and 
a lonp^r dry.nu ^..^son. C nl. widtLs vary from 5>, ft. in th.,* 
north to 12 ft. in the southern edge of the corn Ix'lt. * 

\entilation for the .ston'd corn is pn)vid.*d bv u.sing .slatted 
Mding of wood or sixaial p«*rforat**d tile or metal. shc'lling 



Dep+h b*low Surface of'^n|fee+)® 

fio. H'J —1‘rt^ree on aide waJU of rom rritia. 

In^nrh pi.,...,! i„ v.-ntilati,,,,. |,v .. 

a /rihl" pr--.a«ur,. „„ ,1„. „.»||, „f 

hu-^k. Wt on the rom, the uidth of the cril, th,' 

fTi*" <<-'•-«»> mooh." 
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Fig. 149 enable the designer to determine the outward and the 
downward thrust on the side walls of a crib up to a depth of 22 ft.‘ 
The floor pressure in the crib will be equal to the total weight of 
the corn minus the downward thrust exerted on the walls. 

Portable bins or cribs are not used so much for corn as they are 
for small grain. Small grains are sometimes threshed directly 
into portable bins placed beside the thresh('r at thre.shing time, 
and the grain is fed from this point or perhaps stored for later 
sale. xMovable cribs may have greater value with the develop¬ 
ment and use of corn-harvesting machiner>^ (see Fig. 150). 



Questions and Problems 

146. tiirm |,n..luo.» TOO tom of Imy aitiioolly. Tito forai i« to W 

,.„oll..l wltl. 1 lotvolor..,. ».ol tootlo,, lotto, Hayotoroj,.; apato “ " * 

•) tl. lo t tttl.it fool. Ilow mtttlt wotll.l bt oavttl ...t litt l.tiil.ltagby «il"P' K 
ll.t thoppiT intllto.17 Hott nititit wt.til.l bo itvt.l amttially tit .lortne 

'"*147. Wltal ailvaotag™ tl.tt. titt "hoy kttptt" Itovt ovtr rtgttlitr otoragt? 

"ll'.‘"’it.rv, 0 ., 1... tatmol oat of Htt lo-k .h.ntitttd. ft, labor i„ Htt 

"■“i'4. riUZmtTor:!.'" i-t «.it.i f..i. h,... 

btiohoi. will it holil? Wltal wotilil bt H't hUttal ptt«ttitt tm Hit lowtr . 

K'SrS .. 

I Mffai.it.nNT, J. H., atiti W.U.A 06 ''"i" '*' 

fori, ill frill., d,r. Krgl, J.. Vol. 16, No. 4, .\pril, 11134. 









CHAPTER XXXIV 


the silo 

to “fa™ • 

enable hin, to incteaso the siie of hi" ,T^ h“ 

practical means of supplying it ^If therp 

»ho,.«.o 1,;L''“„';frb: s":: 

Silage Costs 

of 152 Mo. Farms') 




Fio. 151.— The cost of silage. 

provides a meaas of hoMing a erop ovTfro »'l'> 

a time of need. In case of h f ^ a ^ ^ ' plenty to 

a means of saving a crop'tlm^ ^he silo 

Where fall wheat is grown follow’ otherwise be lost. 

t'orn for silage facilitates fall seeding "‘"d,’, 
winter the silo is appreciated for th ^ 

pprecated fo, the convenience it affords 
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These benefits must be balanced against the annual cost of t e 
silo, the cost of labor, the power and machinery involved and 
the value of the crop used for silage (see Fig. 151 for cost data on 

silos and silage).^ . , , 

200 Size of SUo Needed.—The con-ect diameter is of gieat 

iniporiance to the success of the silo. If the diameter - too 

great the silage will be exposed for too long a period 

mil be fed at all times. A farmer having 14 cows, ^^^th the usual 

-Pounds of Silage That Must Be Fed Daily to Keep Silage 

Fresh 


Table 45. 


Diameter of silo, 
feet 


8 

9 

10 

11 

12 

13 

14 

15 

16 
18 
20 



452 
573 
707 
855 
1,018 
1,195 
1,385 
1,590 
1,810 
2,290 
2,827 


226 

287 

354 

428 

509 

598 

693 

795 

905 

1,145 

1,414 


af. 

" tr TeS aafL^H 

ronSr'it tTf":;a.r;t„ r^ove L^Jn.^or 

ailago par day th “quantity in pounds. 

rit ™n if; .aaid that tho diann-tar of tha silo da,^ 
two fa,■to.., (o) tha atnonnt of ailag.; fad par day, and (I,) 
th,- tin..- of y,.ar in wlii. li Hn- faading it I'amB dona. 

I M, M., a.,a T). 1>. ««■'„, Silo Filling Malhods ...d Co.ta. ('"»■ 

;l/o. Agr, Expt. SUu BulL 303. 1931. 
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If tho a.n.M.nt aiul ki.ul of liv.->tork to l»r frd and tl.o snuson of 
voar an- known, tin- daily silajro ncM^ds may 1... compnfrd. 
lal)lc 40 >:IV(“S tho fcrdinn lafos for <IilT('n‘nt livestock 
When the daily re.,„in-ment> have I.,.,mi computed and th.> 
ueiRht iHT ciihic foot of silan«‘ is known, the jjroper diannd.n- can 
I>e determim*d. 1 he weight per cubic foot of silage ^•arie.s con¬ 
siderably, but for average corn silage 30 lb. per cubic foot is a 
>ati>fartory figur(\ Sila^p may be heavier than 36 lb if it is 

„,.ar thr of a tall silo, but a.s tho silas,- is n-niovocl 

llw surfa.-.. lay,T oxpan.is sonioa liat, and Ih,. 30 ll>. p,.,- culdo foot 
p a K„,ai avoraKo fisuro to us<. in solvinR feeding pro),I,-ms 
C apaeitte.. for sd.>s of different depths and diametei-s may be 
deternnned front Fig. ,52. The data on weight per cubic foo 
wen- ol,tamed by weighing the silage as it was ms,si 

h,-n th,. depth of silage nee,l,.d to b-cl through the «.aso„ 
has I,..,, ,h.ternnned, add 3 or 0 ft. to this figure to .s,.enre 
the pro,s.r Imight of silo to build. This allows for »,.|tlinE 
Although the height of silo ne.shd is governed hv the length of 

ixii'ed 2*2 or 3 times the diameter of the silo. ^ 

T..BLE 4fi.- Fekdi.ng Rates for Different Livestock 

Amount SilaKe per 

. Kind of ldv„,.wt 'yy-iti't, 

Dairs row,, dairv heifers. h„.f ’ 

arid 8t«Kk rattle. ’ 

IWf rattle on full fee<l. . f 

ShiN'p. . 1 2 111. 

Korwrs and niuleis. . Hi 

201 ^tion of the SUo.-..\fter the diameter ami height of 
I- the hlriol'”’"lf‘';'h ‘‘''1 '‘h'-uld probably 

p.«e.a, :;'Z end'i;';^erx,g'ar;'‘ 

r:rh,'tn;er," ^ 

ftther faet.irs that mmst he considered in locatine (l„ 1 

he ne,d for rmim at filling time the kind "" 

aagons ’ ^ f"-- teams and 






HI II.IUM.S yoH sTOHAGt 


202. Silo Foundations and Walls.-Thr foundation for ih* 
•^ilo must !>«’ made llu‘ jiroppr «iw‘ and he rf Rood mal^rislf, 
U-nuiM- th<' wriftht that it mu't rarn- is vf-n- (crpat. TIk- fart 
that thf «ilo i- Inch in rrlation to it- width it iinjirrativ. 



Fio. 162 .—Capmoly <>( mU<* 


that unoven sottling ot the foundation !«■ pr. v,.nt..L The m o 
foundation must always la- laid la-low tl.o fowt hno and should 
alwavs bo deop onoiieh to have itood sulaaal to «-n f as a 1.^^ 
Tho footing shoidd ho largo enough so that the safe fioanng 



1 

1 

I ^ 

i 


M 

n 









■PUn awwinr »Uo« lorat^i n «m 1 -f »*«- 
power of the soU wUl not be exceeded. 

^bably makes the be-t foundation, although eobblertone of a 
good quality can be used satisfactorily. 
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f-igiur 154 .shows (he wall of a pit that is underrut to provide 

room for a 20-in. footing. A drain for the silo floor is desirable. 

Imt not always nere.ssary. A drain and a ronrrete floor are 

neressary only when the silo is located in wet. seepy land. A 

concrete floor may be found ad\ antageous even if the ,silo is 

located on well-drained land, since it will reduce the work of 
keeping the .silo clean. 

Certain conditions mu.st be met in the con.stmction of any 
yrtical silo, hirst, the walls .should be plumb. Any marked 
deviation from this standard is sure to result in spoiled silage 
because of air’s finding its way along the inside walls of the .silo 
T he second requirement is that the walls be smooth in order to 
prevent friction and uneven settling that would also admit air 
and result in spoiled silage. Third, the walls must be strong 
enough to withstand the lateral pressure produced bv the silage 
umerous tests have shown this pre.ssure for corn silage to b(> 

u • of silage. If 

silage IS 30 ft. deep, the pre.ssure on 1 sq. ft. at the bottom would 

equal to 11 lb X 2912^ (the average depth of silage affecting 

this ai(‘a) or 324^ lb. This pre.ssure is e.verted outward in all 

direr ions, .subjecting the wall to a tensile .stress. The amount 

of this tensile stre.ss at any point may be computed from the 

following formula; 


T = 


P X Z) 
2 


(43) 


where T — tensile stress in pounds. 

P = the pressure per square foot. 

T) — the diameter of the silo in feet 
Gia,s, silage produces about two times as much pressure as corn 

».lage. By substituting 22 lb. for 11 lb. for Lrn Z 

pre.^ure_ produced can bo obtained where grass silage i.s used “ 
203. Types of Sdos.-rAe wood-stave silo is one of the flmt 
pes of .«lo used and has been found quite satisfactory One 

the all, after filling. As the silo dries out the hLs mu,t he 
-hortened, and after it is filled in the fall they mustT: ZZed 

^ ^ Vol. 20, No, 0, 
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to i)n'V('nt thoir cutting into and sixnling the stave's. Wood- 
stave silos must be anchored to tlie foundation when grass silage 
is stored, for grass silage' e'xerts a lifting pre'ssure' when part eef 
the silage has be'en re'me)\ e'd. This upward pressure is not great 

enough to cause trouble with corn silage. 

Clay Block .—If an individual has used silage and knows that 
he will continue to use it in the future, the clay-block silo is a 
good one to build. The first cost is slightly higher than for most 
other tj'pes of silos, but the annual cost is not much differe'nt 



Fig. 154. —Combined silo foundation and pit. 


from that of the wood-stave type (see Table 47). Blocks must 
be carefully tested before they are placed, for they are somewhat 
difficult to replace. Good mortar, properly cuivd, is essential if 
the joints are to remain air- and watertight. Tin' beauty of t e 
('lay-block silo, its permanence, its fire-resistant (luahties, 
together with its efficiency in invserving silage, make it a popular 
type of silo. It is sometimes enticized, bc'causc' unless this same 
material is used in other structure's, the clay-block silo does not 

tend to give unity to the Iniilding group. 

Concrete .S/aec.—This type of silo has been used quite exten¬ 
sively in recent years. It is one of the less ('xpensive permanent 
types. It can be constructed (piickly and has been ffiund to be 
quite satisfactory in keeping silage. It allows a little deepi-r 
freezing of silage but also allows quick penetration of the sun s 
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h*^t. re^iJtinK in more rapid thauHng. Its pt^manenre, fire- 

resnrtaut qualiUws. and comparatively low cost acwunt for its 
(Mjpulanty. 

AWurir. -Some fanners who have a supply of gravt l on 

• kl and have 

ll^n Imilt up a sUo at very l«w cost. Blocks mav be cast to 


T«aLK 47 .—Fi 


« uie mortar joints, or, in some instances, the 

AXD Axstcal Corr or DirraaRST Shk* a.vu Ttcks 

or Silo* 



Md brighi 

ffvt 



ood 



Clay 

i>k>rk 


, Concrrtr * ( onrrrt^ 
j iiUvo ( block j 


10 »»y ao i Finn 


12 hy 33 


Amiuai 

Kimi 

Annual 


f 

j 


75 
U 51 

4 57 
0 55 


%H m 
0 55 

7 06 

0 49 


$7 53 
0 44 

5 52 
0 36 


f 


«2 J $-4 2 .'. 

0 36 ! 0 27 


6 30 
0 34 


I 

I 


4 67 
0 28 


I 4 by 3 A Fir« 

Annual 

to by 40 

i AonuaJ 


IH by 45 



Fir*i 

^Annual 


30 by 50 


mnforrvmriit is plan^l ouUide the bl 

made so as to luJTtL .4 ? a”- 

--- e.-.. d,..i i„ 

wnirn Inat^nal^ for concn< 4 * an* rilont;riii i 
rvt 4 lv \VKa>» • ^ J . plentiful and not to<j 

to«..,h..r with 

.-nin.. 
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whose diameter is equal to the diameter of the silo desiied. 
Weatherboarding is assembled around these blocks, the thick 
side up on one board and the thin side up on the next, until a 
thickness of from 4 to 6 in. has been obtained. The individual 
pieces in each hoop are nailed and bolted together in this circular 
form. Glue may be used if desired. These hoops are usually 
placed 2H ft- apart and held in place temporarily by scaffolding 
on the outside. Starting at one side of the desired opening, the 
inside is covered with 1- by 4-in. tongue-and-groove flooring. 
When the inside has been covered the scaffolding may be removed 
and the outside covered in a similar manner. Door openings 
an' made between hoops, the ends lapping at the center of each 
hoop If outside covering is not applied, an application of tai 
to each of the hoops vnll tend to prevent the absorption of water 
and consequent decay. Cost figures on this type are not avail¬ 
able but will be slightly less than for the wood-stave type 
The Snow-fence or Sisal Craft Paper Silo.—In some sections of 
the countrv the snow-fence or sisal craft paper silo has been u.sed 
duite exten.sively (sec Fig. 155). In many cases the silage is fed 
out during the fall and winter seasons. This prevents a good 
deal of loss that would occur in this type of silo if the silage were 
held over until late spring. Many farmers have used this type 
of silo as a supplement to a permanent silo that was too small to 
meet their needs; and in many cases it has been u.sed to take 
c-are of corn damaged by frost or hot winds. This .silo is made 
inim so-call<-d “snow fence” (4-ft. lath woven together vMtl 
four s,.t« of i-onnoctinB wires). suital.lo longtl. of fonce .s <-u 

,„ak<- the diam.-U.r doaired. This ia aphcod oarefully and 
,,,, in tl... form of a cylindnr 4 ft. hisli, of »ud. d.amrter as i» 
m.<'dnd Sproially treati'd pa])or i.s placed m.side the femmg an. 
this space filled with silage. second circle of fencing is then 
sl-t in place above the fil-st. The lower edg.' of the second row is 
placed inside the first row of fencing and outside the 

'ettuTwitlnnit tearing paper. The final height should not he 
greater than the diameter, and the silo should lie located on .... 

icrouiid to ensure even settling. 

The trench eih, an the name indicates, consists siiiipl. ol .1 
tielicli Z tue ground. It may be filled with grass, cut eorii. 
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or somftinio.s with coni bundles or otlier materials that are 
allowed to ensile (see Fig. J56). Thorough packing and plenty of 
moisture are essential for the success of the trench silo. Idie 
Willis ar(> usually dug to a slopi' of 1 to 4, because th(> earth does 
not cave in so badly with this slope as with vertical walls, and, 
also, the silage settles against the sides, eliminating air pockets 
The silo trench must be located so a.s to drain well, and usuallv 



Fi.i. 155.-Snow fenoe or sisal craft paper silo. 


during th^fe’ed'ng seir^^ ' If preventing waste 

wagon, the botto“h Ju “ 

■t necessary to feed off abo'ut 2 ir^r d™t lepXtikge 
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frosh diiriiis the wintor period and about twice this 

amount during the summer months. Tin' silage in the trench 
silo is not subjected to i)ressures so great as in tin* vc'rtieal silo, 
and it is therefore necessary to remove a greater amount per 
day in the trench type in order to ensure fresh silage. Table 48 


or chaff'' 


- Sfrav^ or dirf 



Fig. 156.—Trench silo. 

gives the amount of silage that should be fed daily from trench 
silos of different sizes. 

The size of trench silo can be increased as desired it it is 
remembered that the depth should be kept at somi' point near 
the average width. The length will be determined by the length 

of the feeding pmiod. 

Table 48.—Number of Pounds That Must Be Fed Daily 

from Different Sizes of Trench Silos 

Depth of cut, 
feet 


Pounds to bo fod 
daily 

Bottom width, 
feet 

Top width, 
feet 

270 

1 

6 

94 

318 

6 

10 

360 

7 

11 

460 

8 

I2»i2 

525 

8 

13 


7 

8 
8 
9 

10 


It is often necessary to know the first cost of silos and the cos 
per year of owning them. The data in Table 47 give information 

on annual costs of different sizes and types of silos. 

Questions and Problems 

162 A farmer has had temporary^ silos for a number of years and now 
desires to build a 100-ton permanent silo on his farm. Wliat type won > 
recommend? Why? What would it cost him? 

» Ibid. 
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fffd but tbai bp ooukl 
would jrou mcomaMtid for him? 
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CHAPTER XXXV 

APPLE AND POTATO STORAGE 


204. Apple-storage Structures.—The problem of desirable 
apple storage involves proper regulation of temperature, humid¬ 
ity, and air circulation. It is necessary to maintain temperatures 
low enough to retard ripening of the fruit and to check the 
development of fungi and high enough to prevent freezing. 
This may be done by admitting air into the storage room when 



most nearly app.oaeh thna,' inaWo 

1*1,anj P, al,- rha„.,. 'v'-' 
turns are above or below the range desired. Humiciit> m 
,:,.K,.'latr.l t„ k.-.-p tl.e ai, nf tin' atraw ImikliuK moist enojk ^ 
(heck wilting or shriveling ot the Iruit, yet div i i 
retard the growth of molds and fungi. This is 
ventilation m- by evaporating water in the room in ^ 

too dry. Gasi's irsulting from the rip.mmg process ot p. n. 
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products may accumulate in excess quantities in parts of a. 
storage room unless the air of the room is circulated or removed 
through ventilation. Successful storage of apples requires a 
proper balance of temperature, humidity, and air circulation. 

An ordinary cellar may be frost-proof and still be wholly 
unsuited to apple storage, becau.se it does not provide sufficient 
air change to cool the fruit, to regulate humidity, or to remove 
deletenous gases giv'en off by the fruit (see Fig 157) 

TemperaJwe.-Whcn outdoor-air temperatures are lower than 

those JII the storage room or of the fruit, and not too low for 
safety, the ventilation system should be opened .so that cold air 
will be drawn in. When outside temperatures are above those 


Ta\BLE 49. 


Amount of Air That Must Be Circulated to Cool Apples 


Mean Difference between 
Storage and Outside 
Temperatures, °F. 

3 

4 

5 

6 

7 

8 
9 

10 


Cubic Feet of Air to 
Cool 1 Bu. Apples 
TF. 

73 
55 
46 
40 
36 
34 
33 
32 


inside, the ventilation system should be closed to prevent the 
IdT " 'r™are open on a rrm dt 

the air is heavier in.side the building. By opening the ventik 
tion system at night and clo.sing it in the day a temperature equal 
to the mean for the 24-hr, period may usually be oUaini " 

If the walls and roof are insulated by a covering of earth or bv 

proper nsid^r'"'’ maintaining the 

proper inside temperature in ^linter months. 

it is n ^ ventilation system for a storage buildine 

ired~cts*“tor d;-“;°r* “ 

informaLn on tht subject"' Table 49 give 

Under a majority of conditions a temperature difference of 4 " 

ventiiSirs^:'.^, 

apples lose moisture and wilt or shrivT OnThe^other tTndJf 
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Iho air is too liuinid. tlicrc may !)(' condcMisation on tho fruit and 
on the fontainers. walls, eeilinfis, (>t(‘.. n-snltinp in the jirowth ()f 
molds. 'I'liis s(ddom presents a prohlem in eommon storap- if 
the temperatures are near th(> fn'eziiiK point. The wilting or 
shrivi'ling of prodiiets, howevi'r, is prohahly the mo.st .serious 
prohlem with which the owner of air-eooled storage mu.st contend. 
'l'h<> humidity usually is automatically taken care of during tlii' 
fall months, when the room is opent'd frequently and therefore 
wi'll ventilati'd. A storage humidity similar to the average 
huniulitv of tlii' outdoor air in the fall .sea-soii in the Middle \\ est 
IS (‘usily niaintaim'd and is satisfactory to prev.'iit wilting and 
the growth of mold. One or the other of these' .storage trouhles, 
howe'Vi'r freepn'ntlv ('xists during the winti'r months. I'or 
api.h's. a H'lat iv.' humidity of about So per cent is n('e('s.sary to pre- 
v.'iit willing of vari.'ti.'s like Baldwin, .lonathan, Kus.s.'ts, (.oldon 
Delicious, and Spitzenh.'ig, wIk'II .ston'd in e.pi'ii eoiitainers. 

Humidity can he r.'gulat.'d to .some .'xt.'iil hy u.se ..f clay 
floors hy fr.'iiuent sininkling of eoneri't.' floors, or hy the' u.se o 
wal.'r .'.‘.ntain.'rs |>la.'.'d about to alh.w ,'vaporation of water. 
Water t.'inks suhnie-rgeel iimle-r the' fle.e.rs may he »ise‘el. An 
intakes ar.' ofte n infn.elue'e'el ove-r .siieli tanks. h.' air inle'ts 
soni.'lini.'s .'einsist ..f a til.' line laiel fe.r some l.'Ugth threiugh he 
se.il. d'his line', in a.hlitiem te. furnishing fri'sh air, may he tho 

elrain for llm .ste.nige' reieim. 

206. Sweet-potato Storage. The* storage of swe-et fa'hdoos ‘s 
a M.nn.l e'.'.momi.' pra.'li.'.' that make's the preuluet available foi 
a large' part ..f the ye'ar an.l in many e'.use'S e.hviate's the lu'e'.'ssity 
of '..'lling the' .'rop as se.on .us it is harve'.ste'el, whe'ii i>ri.'.'s are olteii 
i;;. At ..no time this was a r.'al ,.r..hle'm. ami the d.'v.'l.ipment 
of siorage m.'th...ls ami stm. lun's was e.f givat v.due t.. the sweet- 
potate, imlu.stry. Tla* eapae'ity of •‘^'v.Hdq.otate.-ste.rage st.^ 

this v. g.'tahl.' av.-iilahh' wh.'ii it e'anm.t he supphe'd diie.tb 
the' fie lel.'^ 

. mvuhmm.., itov I.. riM- (•..Msinu'ii.... 

sn.nnms w.th It. i.'r. M. e' ' 

Hull 11-^, Mm\, HKiJ II * * t r sj Ditit \tir Ftirtnvrs* 

•laoM.'HON. It. (V. Sn.rHK.'of S«.H ( ..S- D'l'l- Mir >i 

Bull. 
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Our present belief, based upon the last four years’ experience with an 
artificially refrigerated potato storage room, is that a temperature of 
36 degrees F. is sufficiently low for all practical purposes, and that in 
the earlier portion of the storage season a temperature of 40 degrees is 
probably just as satisfactory except where powderj^ dry-rot infection 

occurs. 

Potatoes, when exposed to strong or even modified light, are 
soon materially injured for food purposes. It is necessary, 
therefore, to exclude all light from the storage house. Wherever 
it is feasible, the storage house .should be lighted by electricity. 
Little information is available relative to the proper humidity 
for storage. One investigator' suggests that from 85 to 90 p<'r 
cent at 36°F. is a desirable relative humidity. It must be high 


of earfh 


Layer of sLraw^^ 



^ _ Straw 

Farth' , l- 

Fig. 159.—Structure for storage of white potatoes. 

enough to prevent wilting and low enough to prevent condensa¬ 
tion of moisture on the tubers. 

Ventilation.—li\ order to ensure an ample .supply of pure air in 

the storage house, it is necessary to make generous provi.sion 
for ventilation. The ventilators or air flues should be so arranged 
as to ensure a rapid and even distribution of air throughout the 

.structure (.see Fig. 159). 

Size of Bins .—The size, of piles or bins that can be used 
depend on the maturity of the potatoes when stored. \\ here a 
subfloor with free circulation under it is used and ventilated 
partitions platod from 5 to fi ft. apart, the potatoes may he 
piled to a depth of 10 ft. or more. The air-cooled cellar sho in 
in Fig. 157 may b(‘ lusod satisfactorily for potatoes. en i a oi 
regulation would be much the .same a-s for apples, draunng in air 
when outside temperatures are low and clo.sing ventilators ^^hen 

air is warm, etc. 

i CooPEU, .MAD 1 .SU.N'. "Practical (old Storage.” 2d e.h, p. 503, Nickerson 
& Collins Company. Chicago. 1914. 
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Questions and Problems 

167. Wh»l would b. Iho bes. u.dic.tion „( uocd Tor vunlil., i,„. i„ „ 

.tor«*o l.o„.o? If 1„. ,o„,p„ul„ru ,v„. II,o .,„,u ... in.i.lu, wh.t 

:htmw;:;;::;;:;.d"..... ... 

168 . An uu.liTKrouud .Io,„b,. I„„ldi„s l,„ld» 2 .(HKI l,„. of uuuW sl,„<ul „l 

. t,..n„.„w,un. of l.rK. I, ,|„. „u,l„.rf,„d ooulihliion I. u'od 

what size anil heiKht of stack .slioiild t„. built? 

timfof h ’,‘r '"'‘■'‘•‘•I f'"- sweet ,,otatoes at the 

tune of harvest? Dunnj; storage?? 

160 . What are t he eon.litions needed fur storing white potato,^? I„ what 
way do these conilif.ons differ from those needed for storaRe of apph‘.s? 
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PART VII 

The Farm Home 


CHAPTER XXXVI 
PLANNING THE FARM HOME 

At one time in our history farmhouses were more convenient, 
comfortable, and healthful than city houses. This was durmR 
the period immediately preceding the development of modern 
water and sewage-disposal systems. As industries grew, city 
residential sections became more congested; houses were crowded 
together, and it was no longer possible for sunlight and fresh air 
alone to take care of the problems of sanitation that arose. 
Families were not able to find satisfactory individual water sup¬ 
plies Epidemics re.sulting from contaminated dnnkmg water and 
genemlly unsanitary conditions broke out in these cmwded city 
areas. The fact that the problem was urgent and that it ivas 
concentrated made cooperative action possible. Through this 
cooperative action the people in the cities now have sanitarj^ 
water supply, sewage-disposal systems, light and gas servic. 
available by‘.simply paying their share of the cost of 

He must buy, install, and operate his own 
sewage-di.sposal, water, and heating 

other reasons, the farm home has lagged far behind the city 
dwelling in modernization. Many farm 

more modern than were those of the pioneer period In the.e 
homes water is still carried into the house from the well or spring 

wa.stes are carried out, and other chore operations ju^ 

as they were in early days. The housing survey made b> the 
Federal government in 1934^ shows the e.xtent of this lag 

xThe Fann-housin, Survey, directed by the Bureau 
in cooperation with Bureau of Agricultural 1939 . 

l.,d Offio, ,.f the a«,Tetar,v. U.S. Dept. A,r., Pub. 323. March. 
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dev,.|„p„,o„t. Only 17.8 pnr onnt „f the ho,ne» in America 

in J34 had eleetjicity; 8.5 per cent had flush toilet.s; 11.2 per 

cent lathtuhs; 4 n per cent had septic tanks; and 28.4 per cent 

had kitchens «ith sink and drain. This leaves 71.11 per cent of 

he farm homes developed hnl little heyond the pioneer stage 

Within the past feiv yeais, hoivever, there has heen a iioticeaMo 

Iiicn.a^se 111 appreciation of the farm as a place to live, and eonse- 

liiently additional attention has been given to ways and means 
for Its iniprovonK^nt. 

FACTORS TO BE CONSIDERED IN PLANNING THE FARM HOME 

In planning the farm home there arc three diffeirnt pha.ses to 
he m order to make the plan complete. The houL- 

nn.s ,0 efficient for the work to he done, comfortable for th(> per- 
>0.17, who are to live m it, and attractive to both the farm family 

foi all h .M* ohjeetives becau.se of .special conditions .such a.s 
namial hmitation.s, equiimnmt and materiaLs to he u.sed 
eriMronment, r-tc.; howe^•er, the degree of efficiency comfort’ 

'"-f V"“ft'- factors in niaCtL. pL.!"™* 

s: 'h~B~ Sr t 

;;n; . arc the stove, and tend tiie gardetnt^itfo; :r; 

and the M‘rvintr tahlo will I ' i * ’ tho stov(‘, 

..~-:i!:'>;:":hed:;'':i;::rr 

».-Heivashin:atir;igof^:;rt“':“ 
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frequently repeated processes and offers opportunity for improv - 
ing efficiency. In some homes a considerable saving in time and 
energy is accomplished by serving a greater part of the meals in the 
kitchen. The average farm home employs no kitchen help, and 
the labor saving made by serving meals in the kitchen is impor¬ 
tant to the farm woman. Then, too, the modern kitchen is a 
colorful, pleasant room, vcith its easily cleaned floors, walls, and 
equipment. Of course, the kitchen that is to be used also for 
family meals \\dll need to be planned very differently from one 
that is used for preparation and storage of food only. The plan 
.shown in Fig. 160 illustrates an arrangement of a kitchen planned 
as a place for serving meals as well as for preparing and storing 
food. This arrangement will no doubt be very convenient for 
everyday living. The regular dining room that is a part of the 
livdng room, not convenient to the kitchen, will be u.sed so infre¬ 
quently that it should be given a minor place m planning. 

In the farm home there are other important tasks that occui 

weekly or seasonally. Washing, ironing, canning of fruit vege¬ 
tables, or meat, rendering lard, etc., must be fitted into e 
regular daily schedule of work. Recognizing this, many plans 
are now made to include a workroom. This room is placed 
adjacent to the kitchen so that both the special and the regular 
work can be done with the smallest loss of time and energy. The 
efficiency thus accompli.shed is made possible by planning after 
a thorough study has been made of the work to be done (see 
Fig 161) Serving a part of the meals in the kitchen decreas s 
the necessity tor a dining room. There are times however when 
a fairly large dining room would be desirable, and by 
the dining and living rooms a sufficiently large dimng space can 
be provided. This room can be set as a dining room ivhen a largi 
group of guests or laborers arc to be served, or it can be 
as a spacious living room for social gatheniigs, club meeting... 

' ^ A sufficient number of bedrooms in the home may logically 
he considered under the heading of efficiency. Three 

constitute the minimum requirement for 

and the living room can be utilized for additional sleeping space 
when netsied. This is mentioned under efficieney because 
work of earing for beds and bedding is less where beds and 
bedding have tiair jilace and no moving is necessary. ■ 
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Basement 




First Floor c , 

tiu. 160.—A housp fi.pf . second Floor 

meei.„ed by H. E, 
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making can be postponed wthout inconvenience until rush work 
is over. 

Nothing will contribute more toward efficiency than the 
provision for adequate storage space. A closet 5 or 6 ft. wide 



Fio. 




A low-cost farmhouse with workroom adjacent to kitchen. 


,.d 2'i ft. will. »li<li'>B '"" Tilt'll’ 

:,t. full width uf tlu- .■l..».-t, is a BiTat couvcnu.iu'.- BuUt-i. 
rawer space for linens and towels in or adjacent to t le >a ' 

IT coats, etc., save time and result in an improvement in the 
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ai)i)earance of tho houso. Stoiago spacos in tho kitchen for 

supplies, disl.es, cookiiiK utensils, and <-leaninff eipiipnient arc a 

necessity. I igure shows one plan for providing such storag.' 
space. ® 

Adequate work surfaces must be providi'd in the kitchmi. dda; 
sink furnishes a waterproof surface for washing vegetables, dishes, 
etc and drainboards on one or both sides are convenient because 
of the additional working surface they provide. Another con- 



Fig. 1C2. A kitchen well supplied with storage space. 


venient work surface is supplied by the kitchen cabinet Cook- 
ng .sm-faces and a serving table complete the essentials for tL 
phase of planning, \\ork surfaces should be built -it tho • u*. 
eight so that the housewife may do her work comfortablv "^One 

liahtld”" P ^hat they “be well 

purposes. They furnish light for the work to be XL and 

ude ventilation m hot weather. Artificial lights with refloot 
o concentrate the light where needed are essential The 

light wiU reach them from one side or the othe^ ' 
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A fupl room in the hasement or adjaepiil to the house, if no 
basement is ineluded, reduces the number of steps to be taken in 
stipplying fuel. A fruit and vegetable room separated from the 
remainder of th(' basement so that a temperatun' of from 36 to 
.5()°F. and a relative humidity »)f 50 per cent can be maintained 
is necessary for .sati.sfactory fruit and vegetable stoiage. A 
cellar under the house or a cave beside the house serves this 

purpose where there is no regular basement. 

In manv two-storv houses the bathroom is located on the 
.s(‘cond floor. With such an arrangement a lavatory and stool 



103.—Early AnuMirun archiiprt uro. 


Ux-ated on the first tlt)or are ch'sirable. hen only one bathroom 
can be provid(‘d in a two-story house, it is usually more coii- 
veni.Tit and desirable for it to be located on the first floor. I his 
location makes th(‘ work of installation less difficult as well a.s 
less «‘xpensiv('. One outside window for light and ventilation 

is r,sH(‘ntial in the bathroom. 

A recreation or playroom is included in most modern plans. 
If this room is located close to the laundry it can be used as a 
drying room for clothes when nei'ded. When the basement can 
b(> well lighted and ventilated, it is a desirable place for the 
recreation room. Walls and floors in the basement an* not easily 

laniag(.*d, and noise is effectively controlled. 

Labor-saving eipiipinent is a very important factor in ina mg 
the home effici.uit. ddiere ar<> few homes that do not have sonic 
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INUipmen, „f ,,,, „ 

1 ho ordc-r „.h.oh ,uoh oquipn.e.,, i.s puroha^^ is „„ indieaf^^^,' 

of -ho „„p.jr,a„o.. of d.fforont i.oms in ,ho minds of ,|,o farm 

w-o found that thoM. items had boon purohasod in tho folio “ ‘ 
onitjt some ty.K. of stove other than tho ooal or wood ra o "f r 

<-tk,n*: pump, stnk, and drain; ioo Imx or p.fri„orat„r- olfotrio 
hkht.-; olootno washer; olootrio iron; vaouum oloano , u m 
heat,nx; and bathroom. If a farm woman w ho ha,s „|| this ,.ouip 
mont t,Klay wore asked to disoard those items bv on e 



Flo. IfM 


NVw Krigliuid rf.lonial arrhiipotiire 


r 7'*-.. <>"■ ..won... 

™-io„ pro^ratn an^ll'l'm^; r'. o''"’' ' "" ""'•‘'-''-'rifi- 

;--.ut rapid .love,o,.,no„ts'Tn ,t offie ” 

-‘■m- .hat p^■p,i„.''"it';;e^';r‘ r'm'ten^L:'"'”^''":^ 

niaintain anv f * lodom heating 

‘•h-^trically eontmll.-d thermosta^^TTr-^' 

«uure thorough Job of ■;'ip<‘rvis,on, probably do a 

nuxot'ttir: i^o^^r f”" 
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homes. Such equipment is enabling the farm women of our 
country to give more time to their families and still have time to 

take their place in outside activities. 

208. Comfort in the farm home is one of the very important 

requirements, because it has a bearing on the general well-being 

of the whole farm family. Comfort in the home, as in othei 

buildings on the farm, is dependent on temperature, humidity, 

and air movement. A comfortable temperature for^ different 

parts of the house varies from 78° in bathrooms and 76 in t le 



Fig. IfiS.—Dutch colonial architecture. 


livinR room to 08° in the huinary .iikI the- recreation rooi . 
Heating unita tl.at can be regulated closely add proportlona ly 
to the degree of comfort. The ability to control temperature 
depends on the kind of fuel used, the design of the^ furnace, t 
amount of heat loss through walls, ceilings, etc., and the amou 
of air change provided. Usually no special constnietion is mad. 

■ur change possible. Air circulation is not needed niu.l. 

i-old weather as it is in snnimcr, when the relative liiiniidit> a 
the t.■nlperatUl■e are high. In winter the absolute '""nidit s 
ow and it is often necessary to add moisture to the air. 
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pov cent rolativo humidity is dosirahlo for comfort l,ut tliis 
am„„n „f l,„.„iditv o„ndo„sation „„ 

and walls ™Id wnall,,.,- uni,-a, adr,,„at,. insulation is „„, i,| d 
I'orty pn,- ,.,.,,1 .s a safo,- standard for ordinary t,ous,.s. |f 
outside temp,nature and .elativo humidity are hinh some 

improvement inside tempeiatures can he Lined 

\Vide projecting roofs and window shutters are helpful i„ kee^g 
heat out of the house. Electric fan, or air-circulating fumacL 

XLm tlcTody:”'" 

Air-conditioning systems may improve the foregoing conditions 
wering the temperature, leaving the ab-solute humidifv the 

When mf T’'i>i><i the humidity 
1 hen refrigeration .s used to cool the air or to cool and dry U 

. the case may be, there must be a limit established if healthful 
conditions are maintained. From 10 to 1 ' 5 ° rliffo ^^a'thlul 

m^ide and outside temperatures has been found to bril^e gLaSt 
"nTo'ut L' "Here people am glg 

iLkers sL rtLL m" ”r‘“" “ ‘™P-fture where 

coLorLSe crLnXX'”" ^ 

The t atL Xfdir: -irbT ”“"‘7 

ciently low for cltL ''Vhl’mXt Lte "'"t"‘" 

the control of body terauLnt that will enable 

maintained. mperatures by physical mean, must be 

tionLtXLitLXrXo 

The amount of insuirLtd^depeL^^^^ 

-dations in reg^riLlX cTb:mlde fX 

^one 1 reijuires veiy thorough insulation of wallsXlgs.Tnd 
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foundations ami the use of rarefully installed weatherstrips, 
storm doors, and \nndows. Zone 2 recpiiros insulation of eeilings 
and walls and the use of window and door strips. Storm win¬ 
dows are recommended a,s a ^ood investment. Zones 3 and 1 
reciuire insulation in ceilings for both winter and summer protec¬ 
tion. (The term insulation, as used in this discussion, refers to 
additional material added to the regularly constructed wall for 
the purpose of reducing the heat conductivity of walls.) 



Eastern eolnnial areliitecture 


209. Attractiveness. 


zuy. -The appc>arance from within as well as 

from without should be given considejation in the plan. \ lews 
made possible in planning the farm-stead should be framed by the 
living-room windows. Such ^vindows may extend to the floor 
if the immediate view warrants or if the slope of the land places 
the interesting outlook below the view of persons seated in the 
living room. Rectangular rooms with the ^vidth approximatelj 
three-fourths the length are desirable for easy arrangement of 
furniture and equipment. Symmetrical placing of «andow.s and 
doors makes for pleasing appearance. The fireplace contributes 
some heat and provides ventilation as well as furm-shing a 
interesting center for the li^dng room. It adds much to the 
attractiveness of the home and should be provided whenever 
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/‘LA.\.\/\C the FAEH HO.HE 


^ W Ao, u«B.Tdu.l.,v b7h, b.»L L, ‘^ •' *" 

- .w rrjruwZ'irr 



' '■' "H, ArB,«« ivl " t"'"''" "“■ 

■^••Ud, aA m ■r«;i Boo, L ” "> tt.. 

*”■*>«• barrWr*fr«o farniui* ,«. nounr i„ i,-,. 

7P«t« raTTLXlr “ "‘ •'« 

'■« m, u, ,rai«„l^ ^71,, ^J7.''\"''‘**^ 

“>y tit* l».jt.h 
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in the maximum use of space. It suggests the earlj’^ American 
influence in projecting walls and shuttered windows. The 
Eastern and Southern colonial (Figs. 166 and 160 ana the 
formal Georgian (Fig. 168) seem to be suitable only for larger 
houses and may have limited use in farm homes of the future. 
The Western ranch house fits into the West and the Southwest, 
with its broad prairies or its rocky terrain, and shows the influence 
of Spanish architecture (Fig. 169). Farm homes of modern¬ 
istic design (Fig. 170) are increasing, but this design requires 



skillful architectural treatment in order to make it fit into its 

''''210.''Recommendations for Planning.— Plan the home from 
^oithin to suit everyday needs. Give consideration to spena 
or occasional needs according to their importance. It ^^ouUl 
not be good practice to design the house to meet the roquiremmiG 
for some particular annual occasion or event, because ■ 

needs are of much greater importance. If 

can be built into the house to make it meet ever>d 

mimts and spi'cial requirements, too, thmi the pla 

the more valuable. hPi*ii 

will'll the size and shape of the ihftercnt roo , 

decided upon and the rooms have been grouped to 

possible relationship, it is tinie to eonsidei-the type o all t 

best suited to the house in its particular environment. 
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Fig. 169.-\Vestern ranch house, showing Spanish influence. 



Fig. 17f).—Farmhouse of modernistic design. 















































































THK FARM m>MF. 


N'l 


cannot he made to l’*e irproaentativ^ «rf any particular t\p*‘, it i^ 
u,.unlly p<ia(*ihlc to work in aome feature that anU at leaat plae.- 
it in »»ne of the rfM’tJicni»»‘d plaa»*e^». The effort w> far ha»* e«»n- 
^i^t.-.! of makina fliM.r plann and MUiOP'^tive ^ketche^. Theee 
inuet now la- taken and niad«- int«» working diaannipi Hhoaing 
die, kind, ami placing <if each piece in the building 


Que«tioaa Problems 

ICi ftome BUlhoritiea Mtrrr ibal ibe acUial cort of modemiiii^ a home 
U no giealer in the eounlrr than in ihe city. Seeurr all ihe .nformauoo 

ynQ can on the suh|cct . 

m. tuu- Ibc aiffrmit mrih*»<ls for secunn« eftcicoev m ibr farm h**fw 

aeroHinc U» the importance of their rootnbutam 

lU «Tint ia your opiiunn of the relative deairabiliiy of the ^tcheti 
.lining- M*d *orkf«m. «antanate« aa compared to the amall et!icKe,r> 

kitchen for (he farm home? . _ r.m 

IM I>o«ai the rweeatmn room dem^-e aa mueh nHiaHteratroo m the (arm 

home aa m the home planned for the city? . . 

ui. Karm folk are more rugged than city dweltera. and (hetefore comfort 

life |wa**wr tm tyi| WV Tto* Of fslssT 

IM wUi impofinno^ » •llrnrlircnoss in ibr f»m home. Mid him r»r 

ii \m flprurMi? 
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AND 


A liu-K»- numl>er <,f farm.. i„ the States furnisi, muler 

sv.stent.s of mana.en.e„t. a rather linht.f a.moal’ "torn 

the Ty""' •- KraJe H or C hv 

ff J. K Farm.>rs on the..,, farms ran 

afford the employment of a very limit,d anmunt of skilhd labor 

ew-n m the ,>on.struetion of their homes. S^-vera) states arr^ 

• n^rt. a “bu.ld-your.>wn- program and are Kivm^ mstr::. 
t.on to fanners, ,n earjarntr)-. ronerr*te w„rk. plumbinR. at.,I wirina 
and pvmK suja.rv.sion in a r,.,.,-™! way as th,- fartners ,.r,.et their 

o^hmld.nRs farmers on cla^ A an.l so.ne of thos,. o„ Ha.ss /f 

n iMter arlvantaR,. ,n .loit.R tln-ir n-Rular busin,-.vi; an,! skill,J 
.r ran Ik- h.n-d to do eonstn.etion work. This ,1 ,m*.s not mean 

th,;^ »ill n, ,d to .u,H.r^■,s,. and p,.rha,>s do a eonsiderabh* amo.mt 
‘>f pnd.n.mar> work th.*mN,-lv,.s. amo.mt 

211 . Excavation; Foundation WaUa. Kxeavation for four.,la- 

I rtonn .i,h ,h,.,r o.n hH|. and nquipm.-,,!. If it„. 

^ no inriudr a the excavation mil In* liniitiMl ti, 

■ ~.t it!t T ‘ 'rT'"’ “'ix" i' » n.nr.. 

. ar»* two metlaais as,d in p|a,imf t(„. 

I rrf* !i i- <!"« In ll„- rxa, I 

«tid.i„.n. If . rnncrvu- . j| i, i,. 
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:{()8 

is to set and brace an inside form. Tiie placing of lie- com n p- 
in the forms pnKluces rather exces.sive pn‘ssun-. e-|M-cially if tin* 
concrete is dropped from the top of the form. Any movement of 
the insiile form results in unecessar>' thickne— of the wall and 
conseipu'nt waste of concrete. Small piec«‘> of s<nl may cave in 
as the concrete is poured and g(» unnoticed, causing trouble later. 

Where foundation walls are built of field stone, the earth wall 
serves as a form agaimst which the ston(> is placed, just as is don<- 

in ordinary cobblestone construction. 

If the other method of foundation-wall construction is followcsl 

and both inside and out.side forms an> to be u.s<*d, the width and 
length of the excavation must be greater than the e.vact width 
and length of the basement in order to make nwm for the installa¬ 
tion and removal of the forms. The inside and out>ide forms 
can be wired together at intervals to prevent spreading. Then- 
is no waste of concrete with this method, the concrete i.- kept 
clean and free from dirt, and many times the concrete is letter 
protected from drying out than it is when plac-ed against a dry 

earth wall. 

Brick and tile foundations may be built against an exar-t-sized 
excavation, or the excavation may 1m* made larger than the 
building and the wall built up independent of the earth wall. 
Mortar joints can be pointed and a waterproofing treatment 

applied on the outside if needed. 

212. Footings should be constructed verv' carefully, lK*eau.*e 

any slight settling of the structure will cau.se crac-king of plaster 
sagging of doors and windows, or possibly damage to .*.tnictural 
members. Drainage around footings is essential in many 
localities. These drain lines ensure a uniform moisture* content 
in the soil at all points along the footing and help prevent unee en 

settling (see Fig. 1<1). . . * ^f..iu- 

213. Center supports for the first-floor joists, if 
designed, may be a source of trouble after the building i> com¬ 
pleted. Many plans provide for a central wood girder. 1 e 
joists are supported by the girder on one end and by a --m. siU 
on the other. The sill may shrink ix.^sibly > ,« in. a- the lumb. 
dries out and sea.sons, and the 10-in. girder may d.nnk a< niueti 
a.s 5, or even 1 2 in- This allows the hoiis** to .settle mon* in tfi.* 
center than at the sides, causing damage. The -te^d I-beam an* 
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^..... 

214 Sills --3VoHfe,l lu,„l)or is ..ften ...scv! f,,,- sills rs„r(.iHllv 
.f the is low. Ordinary lumb-r may bo troatod'for 



Fig. 


, 'f/f 
cocH'/rf^ on 
cancre/e 
wa// 


, „ f/oorJ Wfe/rain’ 

171.—Recommended foundation construction 


err- 




Tt/rnet/ section 



Fio. 172. 



' Turnect 
section 




— So/e 
Sub ^/oor 
" "Joist 

r-Si// 
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• . •• • - • , • •• .• 4 -» 4 . 

• V • J :• VC- • 

^ >—* * 'J 4% < • •« 


Fastening the structure to the foundation- (n\ „ 

(b) improved design. ommon practice; 


•«•• •. * ••••.‘• I* 


a solid wall foundation does not carry the load as . b 
therefore needs nnW + j .1 ^ ^ beam and 

aarface. It shouwVe wWe " J "“'i”* 

the joists to prevent crushing the wood in either the 
































Fia. 174 .—Trussed ronsti urtion over a wide door. 

will, in-uffic-i-nt support. The widor the opening and the 
,ter the load on the wall the more important the design. 
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sill or the joi.sl.. Sills are u.sually made of 2- by (>-in. stock. 
To ensure even contact on the foundation and to prevent air 
leaks into the basement, the sill should be bedded in fresh mortar 

when placed. 

215. Fastening the Structure to 
the Foundation.—Much of the 
damage caused by wind storms 
arises from the fact that buildings 
are not adequately fastened to 
their foundations. Figure 171o 
shows common practice in boltinE f'"- '" SdoT “ 
the sill to the foundation. In Fig. 

1716 is shown an improved design that has several advantages 
over the common practice. 

216. Strengthening Framework over Openings; Partitions. 
Openings in outside walls and partitions often leave a section ol 


Sub 


\.fioor 


Second floor Joisisr 


Double 
Blocking--- 
Double 
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..11 .bov.. the op^uing for , Uiement .indow can lie supported 

a. sho. n m F.*, 173. The t wo-by-cight shown docs not btcr- 

fctv .ath other constmetion and is placed in a position to earn- 
tm* hiad safely. 

m 

Wide doore in inside partitions weaken the wall imh-ss ade- 

quate support is pro^idtxl. Usually, however, there is sufficient 

depth above the opening to use uider stock than Ls necessarA- with 

i^w op.>nings or a built-up truss to cariy- the load. Figu're 174 
nhows trussed construction over a wide door. 

Partition walls should be placed over jiartitions on the floor 

Wow if possible. If this cannot 
be done converuently, the parti¬ 
tion wall should be built as a 
truss supporting the load at each 
<-nd. Such a tru.ss,^ partition 
wall may U* constructed so as not 
to add strain to joi.Hts ls*low, or 
it may even be conneetd'd tosui>- 
jKirt the floor b«*low. Many t‘on- 
tractors set the studs on prois r 
spacing and then cut them out 
where openings are nei-dcsj 
Headers are naih^ in place a.s 

5,7 t» . . . n in Fig. 17.5. 

1 s . 1 ‘^<'«niplishe,l in balloon-type constniction 

e «;-il sheathing diagonally inste.d^f hon ^ 

Md irsultw ,n more waste of material, but the extra rigi.litv 
»ei ure«l U, worth while ‘T'..# ;« •' i • • *^^‘ra ngniiiy 

if i. i. iw,t.llcd c.nd„Uv Ion o.-T'"' " 

-lu.ldiii*. W. -hown in Fig.' Th^ Tl 7 

10 f ig. 176h prevent, rtudding (rum buckh'ng’7hcn'* 

-sl .ru,:d ;r‘'" '""f ‘s 

rwicenirausl i . - • "tn-ngth. but under a 

.. -Ju!—;'^":.^;'ihrit:ri.;g 



OpMUO^ 


vm<k> 
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thp strength as well as the stiffness of the structure (st*e Jig- 1< /)• 
Floor joists in dwellings are designed for a loading of from 40 to 

75 lb. per square foot. 

218. Floors.—The subflooring, usually 1- by 8-in. shiplap, is 
laid at an angle of 45 deg. with the joists. This gives a bracing 
eflfeet, especially for the second floor, and also gives a better 



SoM 


Sub ffoor — 



(a) 

Fig. 176.-Bracmg for balloon-t^y^.^constru^^^^^^ 


(b) 

(o) diagonal sheathing; (&) 


hearing surface for the ftni^h floor. The ^bfloor is u^d a» a 
floor during the construction of the building unti after the 
plaster has been applied and cured. It is then cleaned and 

eoeered irith felt paper, ready for the finish floor. 

219 Stairs.— Locating and planning stairs in a two-story hou.se 

is alwavs a problem. The designer is tempted to save space on 



etaira-ays, and aa a consequence he often 

steep for comfort and safety. .4 riser of , h m. and a 

r ^ :"h r i^it: 

anil required in the stairway^ 

13 by 3M Of * n- 8"'' etaliaa. 
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Landings at the top and bottom require an additional 4- by 4-ft 

ife. h8, may bo usod in houses with limited floor space. This 



178. stair layout showing extra construction around floor openin, 

Slhl ‘'-^P<‘nHive to build, liowever u 

Miaigiit stiiirw'Mv uiw] u • X 4. . ^ v»Ui 

Milite Hour spare‘to 11 , 1 ^ T '■"''■'■‘'".v "se liut i 

•space to better adyantage. Tlie finish risers 
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treads are nailed in place over the rough treads to secure adequate 
strength and stiffness. 

220. Chimneys and Fireplaces.—The chimney in a two-story 
house with a basement may exceed 30 ft. in height. There is 
always some settling in this depth of brickwork, and in addition, 
the weight of the chimney, being concentrated, often causes 
settling in the footings. Chimneys and fireplaces should, there¬ 
fore, be built independent of the main structure except at the 
roof, where it is necessary to make a waterproof connection. 



'Exterior waH 


Double trimmer^ 


Chimfiey above Firep/ace 


Exterior waif 



'Doub/e 

heavier 


^Doubte trimmer 
Fig. 179. — Framing around chimney and fireplace. 

Roof ha.shings should be installed so as to allow for some sealing 
of the chimney without affecting other parts of the building. 
Figure 179 shows headers installed to carry floors around the 

chimney and fireplace. , , i xu -r 

221 inside Wall Covering.— Plastering is probably the most 

popular insido wall covering. When the work of appljung the 

plaster is well done, the finished wall U attraetive and serv.eeable. 

The work of plastering requires expert labor, however, and it h^ 

the further disadvantage of sometimes damaging floors an 

introducing a great deal of moisture into the house. 

A number of sub.stitntes for plaster, among them celotex. 

ina.sonite, mai.ewood, plywood, and sheet metal, are gaming m 
popularitv. These substitutes also have some disadvantage^. 
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most of whirh romo from tlio ahsorptioii of moisturr aiul Die 

(onsoquoot swHIiofr. shrinking, a.nl uarping of Iho material. 

When somo of tlic dofocts aro ovmconm tluvso iinprov.><l products 

will no doubt be used much more extensively, espeeiallv in low- 
cost construction. 

222. Inside-finish lumber .should be selected to conform with 
the type of architecture chosen and add unity to the inside 
design. Pigure 180 shows different types of finish lumber avail- 
able. One of these types .should be .selected to suit the type of 
architecture charactenzing the house. Baseboards and other 

trim should conform. 

223. Windows must be selected and located to conform to the 
style of architecture chosen for the house. Colonial window..- 





(b) /(.) 

r.«. i8o._Trp,»„no.id..ii„i.„ ^ 

ctlfelTol' r "'-‘"/"i “ ““ " indow.s 

m mmlernrstic designs. Single wdudows rather th,a„ m^il 
g oup.s characterize the a\ew England colonial homes Corner 
nndows are often used with modernistic de.signs. Either check¬ 
ed 

depends a great deal on the type of archi 

lecture selected. Although it is de.sirable to keep tL roof L 
simple as possible, this purpose should not be carried to the exUmt 
of spoiling the appearance of the building. Many designs includi* 

Ther d ventilation to upsUirs rooms 

gable dormer, as sho^v^ in the New England coloZ^t 2 

flrdeor’'vr' “ ''“a ^ •‘‘P from this 

deck. Valleys are made waterproof by placing a strin nf 

over H fo sheathing and the shingles placed 

A f ^ ^ valley; or the metal may be left partly 
«po.,ed, forming an open valley. Roof mastic Ly )^\Z t 








Drip Capx 
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Fkj. 181.— Types of windows: («) eheck rail; (h) oasemerit. 
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liFMES I V// rn\sTErcrjo.\ 

JioM 4iinKl.> III plar, and tin- n.n-sMty of nailiiiK thmuRh th.‘ 

r , »H nl to fu ovor 

XlJZ: n>II is 

II I iis*-fiat roofs Tlu*.s«‘ 

^ a^u^ly built up by ux- of altomate lavrrs of niofinR pa.a.i 

J- ..nR roof of the ( aJifornia l.uiiKalow. for example ^n-v^MN 
b.- Min . ray. from rrarhin^ th. walls, and tli.n-foro fills a d.finit;. 



IhJ 



ftC tUr f^ve; (a/ rxpcMfid 
i€) fluah 


~wiN-i-ir.M " ^^rv""" i!''“ P"’'"' ''"" »'>"W I- VITV 

'-s i„ m.„; .„i,;„L‘a.'"‘;'.;, “7 “*■“»■» S" ^■i.!• 182. i« 

m r.i.j/ eovi-rini. ami «in.v insulation ■’’^*‘'“'*■''"‘'■'■“'''““'’‘'‘8 
horn. Hari„; ‘ .Poi■>t-n.ay u.-n l„ 

ajkI diK^r fraiuf^ and th/- nr^ ' ■ i twcH-n window 

f«n- for ::::z^izz" "’■•"■ ‘p- 

'".-.latum pm-lcml l,-,.„u, ,ho fram, J„h 
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hoaders will insulate this space and prevent much loss of heat 
and entrance of dirt to soil walls and ceilings. F'acking the spac(‘ 
between plates and roof or between joists at the wall on both 
upper and lower floors stops leaks at these points and enables the 
owner to get the best returns from his investment in insulation. 

Questions and Problems 

167. What are the factors that determine whether a farmer should hire a 
carpenter or do his own construction work? 

168. What advantages does the farmer have over the city dweller when he 
constructs a home? 

169. Settling cracks arise from uneven settling of the structure. WTiat 
are the principal causes for this uneven settling? 

170. What different features of construction will serve to decrease the 
damage to buildings from windstorms? 

171. What are the bad effects of building chimneys and fireplaces into the 

interior partition m of a house? 

172. What are the objections to plaster as an inside wall cover? What 

are some desirable substitutes for plaster? 

173. Under what conditions would you use check-rail windows in the 

home? Casement windows? Built-in windows? 

174. Explain the reasons for the difference in roof projection in various 

types of architecture. 


CHAPTER XXXVIII 


ID SEWAGE DISPOSAL 

farm HOMK 


installed. Funds for homp disposal systems can be 

rather slowly, and it is often ne^sa^^ to waR 

before these improvements carb^rernd Th^ h^J IT 


Drain 
card 


luVent 


j! Pif^er Pump 


.; Venf 

lU^ 


Not 

Over 

20 ’ 


Stove 


Tub 


*• 1*4 


-1>: 


Clean Out 
P/u 

Suction Pipe 

Galvanized 


Cistern or 
Shallow Well 


Pipe-If Galvanized 

Cast Iron Soil Pipe 


Pump, sink, bathtub, lavatory, and drain A 

toward modernising the home * important step 

ernized. The Missouri Agricultural Fn • • 

Department advocates a plirfor “ t Extension 

tbe home. ‘'’"'‘“■'I ““dern plumbing in 

a means of bringin^ratoHmoIhr'l’ '“''“‘“f’ ™‘* 

'he waste that wouW o lo t fa™ 

3, “'“ he carried out. Water 
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can be heated on the stove and carried to the bathroom until 
such time as the complete plumbing equipment can be purchased. 
The pump is the only piece of equipment that will not be needed 
when the modern system is eventually completed. Figure 184 
shows the disposal system for the drainage from the sink and 



Fig. 184.—Outlet protected from freezing. 




Screenec^ 


;Dnp 

boarcts 


Never fees 
fhan 6"'^ 


^ Ori^incf/ 

■ Piiaboid 2 ft wide 

3’Aff.lpng,&4m. 


'footing, '• 


Fio. 185. 


(a) 

■Two types of privies in common use: 

carth-oit type. 


(b) 

(a) concrete-vault type; (b) 


bathtub in a location where an open drain is available at a safe 
distance from the source of water supply. The rock- or gravel- 
filled sump at the end prevents the line from freezing in e 
^^'inter and provides a filter that improves conditions at the out e 
into the open drain. The sewer line to this point and ^ much 
farther as is necessary to protect the water supply (loO it 
minimum) should be made of sewer tile (4 in., usually) \Mt i 
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ro^r "thaJ'r * 7 ''^ 7 ""r"" 

in -»er lines onrJp'Zr' ln». The lh,„h| 

not !«■ Hunted resultitiit in ^ r***"- ‘“’inn that material tvill 

' ‘-'"fiP-S- The other ohjection to 



ilo. 180. inatalla,;. 


>n for the modorn hi 


»rno 



I- 


T.O. tst.- 


The S..„er line should la- „lm l'' ‘ r “ 

"hen the next step i„ |,o„„. improvetuemT^ ia eause 

“'ll Mn-n Is. a nup.lar „.„er line “"'1 'I'is drain 
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Until such time as the septic tank can be installed (step 2), 
some type of outdoor privy must be used. Two types are shown 
(see Fig. 183a and h), the first having a Avaterproof concrete 
vault that must be cleaned at intervals and the second an earth 
pit. Privies of this second tjTpe must be moved to a new loca¬ 
tion as occasion demands. 

Step 2 con.sists of the installation of a modern bathroom with 
running water, indoor toilet, and a septic tank for sewage dis¬ 
posal. This installation, completed at the end of step 2, is 
shown in Fig. 184. 



Fig. 188.—-Gravity water system with cistern located on hill. 


226. The water system may be one of the small .systems shoA\n 
in Fig. 184 used to supply the hou.se only, or the house may be 
connected to a farmstead .system (.see Figs. 185 and 186). The 
kind of power available and the topography of the land are 
important items in selecting the type of system to use. The 
hydropneumatic type of pressure sy.stem is usually selected i 
some source of dependable power is available. The le.-^s depend¬ 
able the source of power for pumping the larger will be the storage 
requirement. If a windmill is u.scd, a 6-day supply of water 
mu.st be .stored; with a gas engine, a 2-day .supply; with current 
fnim a depeiidal.le high line, luuctically no .storage is reqmied. 
An electric-powered, frost-j.roof farmstead system is .shown m 
Fig. 185. Such a .sy.stem, once in.stalled, provides a valua > e 
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sf-mcr uith a mini,mini of attrition. If (|im‘ is a hill a.Ija.-.-nt 
o tho famistiaul, an nn.lni>rr„„n,l ,11 louM Ik- KK-at(*,l on it. 

depth and froat-pronf hydrants or insulated float i-harnliers used 
to eontrol water level in tanks in a satisfaeton- installation 

faotonh is 10 lb. per square inch. To seeure an adeipiate flow 

. ro^s ^er tJal, -^ 

% frwn ^Hom. - 


Oifi/ef’ 



fjG. 1K9 


6^or more 
Sin^Je-^hani^ier septic Isnk. 


-11 irn^.^r l-in inp<'andfittinK. 

ne<e,v^n. W ater under a preasure of from 20 to 4fi It 

Z 77 , and 

noors. It W also eonvenient for cleaning e«rB 1 . 

ni^inco- and ,„me value in tir. protmion. ’ ’ 

■T m) in..,ailed u 7 7 “' 7 “ 

-aa. . ,Ha. ,he anaevnirTi^l” r:“'" r 
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l>ri*uk it clown into carbon dioxide, solid)lc‘, and insohdile mat^'i ials. 
The gases escape throngli vent jiipes in the tank or through 
tlie outlet line, soluble materials are carried out in the overflow, 


and the insoluble materials must be removed from the tank at 
intervals of from 5 to 10 years, depending on the extent of use. 
Table 50 gives size of tank needed for different sizes of families. 

Fats and oils rise to the surface of the septic tank to form a 
scum that acts as a seal. This forms between the two baffles 
and should not be disturbed. The sewage is broken down in 
from 36 to 48 hr., depending on the conditions for bacterial action. 
Excessive use of cleaning powders may produce unfavorable 
conditions for the bacteria in the tank. However, if an extra 
amount of water is run into the tank at the time of their use, 
the dilution usually prevents trouble. 

In flat countiy or on small acreages, it is sometimes nece.ssary 
or desirable to dispo.se of the overflow from the tank by using a 
system of subirrigation. Disposal lines are laid 14 to 18 in. deej) 
on a veiy slight grade (1 in. per 100 ft.). A switch can be u.sed 
to turn the overflow into different absor])tion lines from time to 
time to prevent waterlogging of the soil. 


Table 50.—Recommended Size for Septic Tanks 


Number 
of persons 
served 

Inside dimensions, feet 

Con¬ 

crete, 

cubic 

yards 

Approximate amounts 
material required * 

Length 

1 

Width 

Depth 

Sacks 

• 

cement 

Sand, 

cubic 

j’ards 

Gravel, 

cubic 

yards 

7 or less 

1 

G ! 

3 

5 

1 

2*8 


iH 

IH 

8-10 

1 

7 

3 : 

5 

2H 

15 


iH 

11-14 

8 

- I 

5 

i 


wu 

m 

A A 

1 ^ 


• Haaeil on a 1-2H-3 mix. using 5 gal. of water per sack of cement with sand of aver 


age dampness. 


Another plan is used where the whole absorption system i.s 
flooded intermittently. The two-chamber tank shown in Fig. 190 
is used when such a plan is neceasan,'. The overflow from the 
first chamber is collected in the second and is held until there is a 


.sufficient amount accumulated to activate the automatic siphon 
This allows all the water accumulated to flood the subirrieation 
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system und provide uniform distribution. This second chamber 
IS made to hold from one-third to one-half as much as the first, 

once each day. In loca- 
tions where the desired absorption field or an available drain is 

on higher ground than the septic tank and where electricity is 



Tig. 190. Double-chamber septic tank. 


vuesiions and Problems 


















PART VIII 
Drafting 


CHAPTER XXXIX 

DRAFTING AND INTERPRETATION OF PLANS 

The modern agriculturist as well as the engineer has need for 
a knowledge of drafting. He is required many times to make 
plans for structures and equipment to fit into his system of 
management for an enterprise. If he is to make him.self under¬ 
stood and if he is to secure from the builder the kind of building 
or device he desires, he must be able to put his ideas into a 
working plan. If he isn’t able to do this, he must stay wth the 
builder and give him constant direction throughout the building 



P'lo. 191.—Equipment for ruling guide lines for lettering. 

period. Languages change from one country to another, but 
the language of a good working drawing is universal. 

A great majority of present-day farmers must do a considerable 
amount of their own construction work because of financial 
limitations. Farmers, rich or poor, however, must be able to 
take advantage of developments in building plans; they mu.st be 
able to build or supervise construction if they are to keep abreast 
of the times in their field of business. Each farm has need for 
special features in its buildings to fit the enterprise, the operator, 
or the topography of the land. If the farmer is unable to develop 
these special features him.self, he must be content with stock 

326 










t»»€rrt\K A\b t%7KMf‘MArArn»\ 


tLA \ /S 





^ iJir m\ 





mt%k lUm 


t. . , • lUmiimmmm i» Umi 

>«•> iHVpnac. l^tonnc i* ««Mi 

> <tf my^ mmd mmumm amI ri»htv m 

tWt 



•Mf- wiA A grmi tli«| 









lu 



«rf ir ttetu^ 

I fe» 




—— to tkM ti arniH, ajuJ 

/ TMI^E-Lnhll/ rZXNK 


TV** akOI «HII rtifttr 

» Utxmfcv otili 

It i«i>IMlM 


(<« 


/ 7 C goqujsfbrd 

(b) 

°-^<^<i9f'^hiJklmnoparstut^ujx 








>tw|f lo 


l«r 




IA 4 rg vtth iVa 





of 






’Urt "««*.» of Ik,, 

^ wL- ^«^Ui fuidr 

^ tool, • 

M«fci *. 

I, too-tior^ k«^t -/ ... 

^ poirluMod 

W 1% 191) 










DRAFT I \G 


32.S 


prarticed. The width of must Ic'ttcrs is two-thirds tlicir huiKht. 
The areas lietween h'tters in a word siiould l)e approximately 
equal. The area between words should be twice; that between 
letters. The letter I is difficult to fit into a word, but if the nile 
of keeping equal areas between letters is followed the spacing 
will be taken care of. The letters A, V, Y, Z, X, N, and K come 

in the class of straight-line letters (see Fig. 192a). 

The next group of letters is made up partly of straight lines, 
but some skill is required in connecting up the straight-line parts 
with the proper curves. The letters O, C, G, Q. U, .1, and S 

come in this class (see Fig. 192b). 

The small letters are less difficult than the capitals, but even 

so, to secure uniformity of size, 

height, slant, and .spacing, a 
great amount of practice is re¬ 
quired (see Fig. 192c). 

KINDS OF DRAWINGS 

229. Projection drawings are 
used almost universally as work¬ 
ing drawings. They can be 
dimensioned to .show’ major 
[< z’-O" — lengths and sizes, and they can be 

Plan measured to determine sizes not 

Fig. 193 .-A projection drawing. provided the scale tO which 

the drawing is made is know’n. This type of drawing is ‘’ailed a 
projection drawing, because after the plan view is made the other 
views can be projected from it at least in part. Figure 193 shows 
a plan view of a box with the side and end views projected from 
it The w’idth of the side view and the joints between floor 
boards were projected directly from the plan view. Tl'e over-all 
width and the thickneas of side boards were projected through a 

90-de.g. angle for the end view. , , , v. + 

Dimensions are u.sually given by the methods shown, but fl 

dimensions of any part are not given, the drawnng may be scale 

to determine the .size of the piece. 

230 Isometric drawings are used very largely for illustrabng 

conceptions that are difficult to expre.ss in a projection 

Three sides of the object are shown in one drawing. ^ ^ 

ill giving an idea as to the relationship of part.= (s^- Fig. 194j. 
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'’'"'I for 

T,„. -.. 

l)ccausi> the (irawinir flnr.. + ^ ^ fo (ho oye, 

or as it seems to the eve '' ^iftually is 

rules: ‘ ' drawing is baaed on the following 

a. All vertical lines are drawn vertical, 
a 30-degree, angle wdirth^ hoiilntih ' 

for the fart th“ttrSf"i^Zn^pamiruoTh f 

parai;_i to the horizontal base 



Fig. 194.—An isometric drawing. 




- 2'-(r' ->J 

195. An oblique drawing, 


:::ieSr' vS, ™: tr r: ^ 

the Lsometric with one differenre- the fir drawing is similar to 
•^0-deg. angle a, in tte k^mett ™ “ 

(Tid^iw^r he te“d r«„i r '•*«"■■ 

projection drawing.) The oblimie marked as in a 

man to give a better idea of what the 

''•f.en completed than co\w “„anT'^ 7" 
work applied to projection drawingr 

the particular point oT^w^seieeted''^^ A^e""* 

the previously menSru-pe, of ^ °f 

penspeetive aid.s in illustrating'work fornSr A''™"''"'**' »f 

freehand sketches or regular pLpecte™, “‘her by 
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Making the Setup for a Prrspniirr Drawing (srr Fig. 1'.»))• 

a. 'I'ho plan view is placed on the tliawing hoard at any desired 

angle. 

b. The point of view is located as far from the nearest corner of 
the plan view as the point of ol)servation selected is from the 
object. In Figure 196 the point of view is located 5 ft. from 
the nearest corner of the plan view and directly in front of it. 
The distance must be laid off to the same scale as is used in the 

plan view. 



Conventeni potni 



The vertical line from the point of view to the corner 

of the plan view is called the 

principal axis. 

c. The ground line is a hori¬ 
zontal line located so that the per¬ 
spective will fall at the proper 
location on the final drawing. 

d. The vanishing point Ls located 
on the principal axis as far above 
the ground line as the point of view 
is above ground (Fig. 196), 3 ft. 

e. The picture plane is on a 
horizontal line drawm through the 
closest corner of the plan view. 
The picture plane may be moved 
from this location after some ex¬ 
perience has been gained. The 
plan would appear on an imaginary 

plane located in a vertical po.sition on the line representing the 
picture plane. If the drawing were made on a transparent sheet 
and placed in position on the picture plane, it would coincide 
exactly with the plan view as Auewed from the correct pomt of 


|iyj PKTure p/ane 
. 1111 

](;~\\‘\-\Vankhmg poini 

A' I' 

'} A I 

Ni Ground fine 

/l\ b 

of vtew 

\ 

Fia. 196.—Perspective view of a 
rectangle with the point of view 
5 ft. from the corner of the rectangle 
and 3 ft. above it. 



view. 

This completes the setup, ready for the actual draw^g. 

Procedure in Making the Perspective Draudng.—{a) 1 omt ^ 
on the plan view will be located on the ground line at the point 
where the principal axis intersects it. (b) Point B is ocat 
follows; Drop a perpendicular Une from B on the plan \new to the 
ground line intersecting it at b. Draw another line from thi.s 
same point B to the picture plane b' so that if it were continued it 
would extend to the point of view. Drop a perpendicular line 
from b'. The point B on the perspective is located .somev\ here 
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on this line. 


S"the":„e 

location of B on the perspec tL pSnfTi *",? 

izt tZo‘''xSn t 

!roctK".°"Mairn“*'’“*i''° ortrp.jr'^ 

pointa of lines and cLnerttag‘|hL!°“’*“*^ 


P/an 

View 


Co/ryen/erTf point 



197. 


\ Point oPyio^y 

Perspective where height is involved. 


Figure 197 shows a plan for making a perspcotlve of » . , 
olar box. The procedure is similar to ed „ 7 

the rectangle, with the exception that there t one m "e d*"’”'* 

rurittsts;, „1^ p^rdtx 

to the proper lines for d;term J„7Si“jrfon°thit ‘”''’''7'' 
1 o determine the exact location of the top of the ! 
persp#<*tive drawing, project the hpiVht f +k ^ on the 

interrechs a line Lp«.d fro7,t, . ‘ P<>i"t 

top of tl,e corner B on the perepect7.“"’ 

■nuoh hi,-in w.7k 
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233. Dimensioning Drawing .—Dimension lines must be made 
lighter than the lines in the drawing in order not to detract from 
the drawing itself. Certain conventions should be followed in 
order to make plans universally usable. Figure 198 shows a 
plan for dimensioning circles, angles, and arcs. In dimensioning 
short distances, the arrows are placed outside the limiting lines, 
and the figure representing the size is also placed outside. In 
dimensioning greater distances, the arrows may be placed outside 



Circles 




Angles 


Arcs 


- S'-o" - 




5 : 






Recfangular Parts 

Fig. 198, 



Isometric Drawing 

DimonsioiiiiiK a drawing. 


and the figures inside the limiting lines; on still larger distances, 
both arc placed inside with the figure at the center of the space, 
unless there is some good reason for .setting it over to oi»c side. 
For isometric or obliiiue drawings the projech'd lines for the 
arrows are simply continuations of the sides of the drawing 

it.s(>lf. 

234. Symbols for agricultural drafting differ somewhat Iroin 

tho.se u.sed in regular drafting because agricultural idannmg 
includes farm and farmstead layouts as well as building plans. 
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DHAFTIXG and inteupretatiox of plans 

-TliG i>\ inhols in "P'lo* 1 (1(1 n j « • 

ardize this work as ! suggested in order to stand- 

building materials rgraiu of ^ illustrations of 

oft.,. .,L i.. "oti'fg Z'nr^ 

needed to clarify the^design. ^ however, if 

necessary for^^draftinn^ork^JnlvX^ equipment 

s uiK, onl\ the absolute essentials are 



Woo<d Across 
+he Grain 



Wood with 
+he Grain 




Brick 



Concrete 
in Section 



Concrete 

Finished 


Building Blocks 


Woven Wire 
fence 


Barbed Wire 
Fence 



Trimmed Hedge 


Gafe 



Gate 




uto Pass Shade Tree 


(c yj 

Fruit Tree 



Hip Roof 



Gable Roof 




Gambrel Roof 








Earth Rood Gravel Road p^ved Rood r .- 

fto.,,,,,. Earth Section 

raent. See “Ag.icltu.al braftiig' 

by John A\'ilev ck Sons Inc “ FuJ ■ ia ' P’^hlished 

Boor /''ir ™’’' 

on draaing for dorcriptu,,. of ditiaing i, f ‘ext 

draftrma,. have tl„. following o,,„ip,;;,.„t ' , ' “ 

manner. i" a creditable 
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DRAFTING 


1 combination drawing board 18 by 24 in. 
1 T-square 

1 30-60-deg. lettering triangle 
1 45-deg. triangle 
1 drawing pencil (4-H) 

1 soft rubber eraser 
1 boxwood architect’s scale 
1 compass attachment 
1 roll Scotch tape 
1 erasing shield 
1 lettering pen 
1 ruling pen 


Use the T-square in drawing all horizontal lines. Hold the 
head of the T-square firmly against the left edge of the board, 
and move it up or down to the point where the horizontal line is 
desired. To draw a vertical line, hold the head of the T-square 
firmly against the left end of the drawing board so that the blade 
of the square will be just below the point where the vertical line 
is desired. Place one of the triangles above the blade so that one 


(>dge will be perpendicular to it, moving it along to the point 
where the vertical line is desired. Hold the T-square and tri¬ 
angle in place with the left hand so as to have the right hand free 
for drawing. Angles of 30, 45, or 90 deg. may be laid off from the 
triangle.s. By using two or more triangles a greater number of 
angles may be derived. Use the T-square and triangles properly 
in order to form correct habits. This one simple drawing may 
be completed more quickly if the best methods in using tools are 
not observed completely, but the objective of the lesson will 
have been missed. The goal is not only the finished di awing 
but a start toward the correct use of drawing instruments. 

It is usually not practicable to make drawings of an object full 
size. Occasionally, however, it is desirable to draw small objects 
to actual .size or even to larger than actual size in order to bring 
out details. In making these drawings, the boxwood architect’s 
.s(!ale is very valuable. The most common scales used in drawing 
plans of small (*quipment are ^4 in. = 1 ft. or Vi iu. = 1 ft. 
|<'or feeders and medium-siz(>d structures a .scale of 1 in. = 1 ft. 
(,r 1 y-i in. = I ft. if often u.sed. The scale used will de|)eiid on 
the .size of drawing desired or the amount of detail that is lUM'ded. 
boxwood architect’s si^ale has 12 different scales on the six 


r>WT,Nr, ANn ,xte,<puetat,os of ffaxs 335 

(••Ikos availahlo, Ko,.!. ,,r . 

(livid(!(l into inches and fracthn/^ '"imborod from zfTo in feet 

Use the scale for laving off dfsfinc " 'i" 

edge or nder. ^ distances, but never use it as a straight- 

<?“«tions and Problems 

179. Make a projection drawing ton c'a 
steps; 8-in. rise, 12-in. treads; closed under st^ 

h-in. equals 1 m. on all drawings ) ^ tSeale. 

the nearest eornerS'^olnt o7vi^,f m ftT**’ 

view 10 ft. from the comer and 4 ft. high. 



r 


1 


A PPF..\r)I V 


SUGGESTED LABORATORY EXERCISES 

I. Buildiac-raJue Study. 

M‘IC» p«r »crr- in ,««.», wfiniMw and th*» value „f 

:r“r,""iv'"' t.. ■-« 

■**1^ on your map. 'Hildiniei* for ea.-h »>iunty in tJ,o 

ll- lup^oa Trip to Lumber Yard. 

d.Jereo, vanetH^ of .liTXXf \ •' *?* ‘f*" 

dilTemn vafv.tn>, ,« huiWma work 7^'* of 

<vt ">' ••> - .i„.h 

«( .U,k.d. kind. „.d TOl.nf .. 

IQ Ntfi 

•« ^Jin* and .t<.nn« fwmeni. etr. P^xlurte Rioc k„l, pnd.l. inH 

voluaiA^nn* bu tu,,^ for your benefit if v.... 'niiiin itf 

— .W- brirf. » n., “••'» .h, ,ri,, 

ra^ T.«., Adp...,., “ '■ 

ih, proportion of fine to 

volume r r*e l^-m. arram., •«re*ate ,aj l,y weight and 

FMerowe the ^-anaiion in aixe of partirW in the 
•«*»1 analva* curve, and oomDuie iC r ^ *«:r.«aie fnot a 

It-rTSrl'r*’* Coo.trurta.n f.^ Xj’ 

A Sp«ioii ’ iiurmi < <iOimuniiif«*/' 

void, in the fine a«„v*,ie .K- 

~^Uiat‘mnT::: 

P-vytUHtea .vdd mndTo to .Sul^ 

4 t Awpute the vieid per aaek of --- <«niptrt« penetratam ) 

' e..H - pd, •,> -* >« ”-><—. ii 

^-ippiied. vfiy In the mia planinxl to 
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secure inaximuin (Irnsily. 'I'hr sprrifi** pruvity coinonl in 3.1; (►f cnislH'd 
rock, 2.19; and of saiul and gravel, 2.65. The wator-cciiicnt ratio is (> gal. 
per sack in each ease. 

5. Determine the percentage of clay in the sample. 

6. Write a report covering good and bad points found in each of the tests. 
Tell what might be done to improve the aggregate in each case. Report 
test data in tabular form. Include all calculations in indicated form. Be 
neat. 


IV. Designing a Mix. 

Design a mix for concrete aggregates, and compute the yield for a water- 
cement ratio of 5 and also for 7. If desired, a Mo sack batch may be 
mixed. For the water-cement ratio of 5, mix the 0.25 gal. of water and the 
4.7 lb. of cement, and then add as much of the fine and the coarse aggregates 
as you can and still have a workable mix. Maintain a proportion of about 
1 to 2 between the line and the coarse aggregates. (See the Portland Cement 
Association bulletin, Design and Control of Concrete Mixtures.) Weigh 
the supply of fine and coarse aggregates before using them, and then weigh 
the residue of each to determine the amounts used. When the mixing has 
been completed, pour the concrete into forms of suitable size and shape for 
later inspection or testing. Float and trowel the surface. Repeat this 
procedure with the 8 water-cement ratio. Inspect the samples at the end 
of a 27-day period for appearance of the finished surface, density of the con¬ 
crete, and, if possible, determine the strength of the concrete in each case. 
Make a written report of your work, including methods of judging work¬ 
ability during the mixing and the observations and tests made on the 27-day- 

old specimens. 


V- Strength of Wood in Bending. 

Determine the maximum strength of different varieties of wood in bending. 
If a regular testing machine is available, the tests will be easily arranged. 


No. 

of 

test 

Variety 

of 

woo<l 

Size of 
beam'* 

8M 

Safe 

fiber 

stress 

(SA) 

Com¬ 

puted 

safe 

load 

(W')t 

Allow¬ 

able 

deflec¬ 

tion 

Load at 
allow¬ 
able 
deflec¬ 
tion 

Load to 
break 

(H'O 

Maxi¬ 

mum 

fiber 

Stress at 
failure! 

d 

b 

L 





























_ __ 




-- 


♦ All dimensions in inches. 


t H' - 


(8f»)bd* 


1 Maximum fiber stress - 


\.5WiL 
hd^ 


Fia. 200.—SuggeBted data sheet for testing strength of wood. 
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If no such machine is available a Dost ^ u- 

mens % by 2 by 30 in. can be handI,»H • ™«y be used. Speci- 

sheet (see Fig. 200), and record results'oMo t ^ "'“^bme. Make up a data 
giving information on deflection anrl st tt ® Write a report 

varieties of wood, differences in the « of beams made from different 

differences in compressive and tensiirstrengJh of ^ff*"^" “P^'-imens, possible 
as evidenced by the broken specimens ^ varieties of wood 

shear, etc. Include test-data sheets anH ' vertical or horizontal 

report. computations as a part of the 


VI. Holding Power of Nailed Joints. 


to Murrain" aTestTn^'raclIir" be stressed 

tested. In Fig. 201 fs shown a ^rimerdeH be 

holding power of nailed joints. recording data on the 

ing'Ih?h:iZrXer':ftal^^^^^^ ^be rule for calculat- 

the influence of the size and kind of nlds ol /l!" *" different ways, 

power of different varieties of w^J and thV holding 

clinched joints (clinches straightening and n T ‘-''P«- failure in 

through, splitting of stock-Lt piece a^/ "^ P^^hhig 

permits, conduct tests to determine ?he L K b If time 

to a 2 by 4 in. at which the law of JinF a 1 by 4 in. 

apply. Include a data sheet with your report f" 



-■ —tr -^ 

holdinfe power of nailed’joints.'^"** secured in testing 
IwoCrJZ',m° »' »«”• (pr.r.„bl.v 

nt'’*'; ''“J lirnd,™ '■ • vpo of 

Of floor joists m center of buildinv u. ll ^ ^ " alls, support 

.-Pemn., .„d fvpe of .dfo, o„d „oa„-;;; XTaXartrurrr' 
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2. (o) Select the joists having the longest span, and figure the factor of 
safety used. (6) Select one column carrying the heaviest load, and figure 
the factor of safety for it. (c) Compute the factor of safety used in the 
girder at the point where it will be subjected to the greatest load. 

3. Make a list of points of failure in the structure and give causes, if they 
can be determined. Inspect the building for points of excessive deprecia¬ 
tion, and, if possible, determine the cause for each of these failures. 

4. Make a report on each barn inspected, giving the information outlined 
in this excercise. Add any additional data needed to make a more complete 
report. 

Vin. Gable-, Combination-, and Gambrel-rafter Layout. 

Secure stock, and lay out a pattern for rafters as assigned by your iustruc 
tor. Figure 202 shows a suggested work sheet for this exercise. Write 
your name on each piece before leaving the laboratory. 

Write a report explaining the setting of the square, giving methods and 
computations for securing length of rafters and defining the different terms 
used in describing roof pitches and cuts. 


Kind of roof 

Width of building* 

Pitch * 

Horizontal projection 
desired* 

Gable 




Combination 




Gambrel 


_ 



♦ To be filled in by instructor accordiiiR to stock available. 


Fio. 202.—Suggested work sheet for rafter laj^out. 


IX. Hip- and Jack-rafter Layout. 

1. Lay out one hip rafter and one jack rafter for a building-ft- 

wide,_ft. long, with a roof pitch of-Write your name on 

each piece before leaving the laboratory. i j - r 

2. Write a report describing the methods used in laying out the different 

cuts, computing length, etc. , i ^ r *i . 

3. Make a sketch showing a top view of the rafters and plates for the 

building. 

X. Heat Loss from a Building. 

In Fie. 203 is shown a suggested reeord sheet for tabulating data secured 
in coininiting the heat loss from an assigned building (preferably a barn 
with a ventilation system). Determim- the weighted value of V for tlu 

b! met uro. 






















ArPENDlx 


sn 


Name of building 


Description of wall 



Area, less doors 
and windows 


Doscription„f„.i„d„„., Area, feet 


Description of doors 


Area, square feet 


Value of C' 



Btu loss per 
(logrec difTcrenec 
in temperature 


Description of ceiling Area, .• 


•square feet 



Infiltration around 
windows | I^*‘ngth of cra<'k I ^'^^*Iration, 

I cubic foot 


Infiltration around 

doors » 



the stru^;i;ii:r^ 


Thl, n tr°at7d ” r.! h^rT 
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than at other times, when doors are being opened and feeding operations are 
being carried on. The equipment needed consists of three or more ther¬ 
mometers, one hygrometer, and one or more anemometers. 

Make up a data sheet similar to the one shown in Fig. 204. 

Write a report of the test giving the amount of air change through the 
ventilation system; through infiltration (see exercise X); amount of heat 
produced in the barn (calculated); theoretical temperature difference (cal¬ 
culated); actual temperature difference found in tests. Account for the 
difference between calculated and actual temperatures, if any. 

Report on condensation, if any; frost, if any. At what inside relative 
humidity would condensation begin to form on walls? Give percentage 
cfficiencv of the svstem as a whole. 

Show a sketch of the ventilation system as a part of your report. 


Time 
of day 
(hours- 
ininutes) 

Outside 

Inside 

t 

Outtake flues 

Inlet 

openings 

A 

A 

1 

1 

A 

A 

Total area 

tem¬ 

perature 

Relative 

humidity 

Tem¬ 

perature 

Relative 

humidity 

1 

■eloi 

2 

^ 1 
ritie 

3 

1 

s 

4 

Average 

velocity 














































Fig. 204.—Suggested data sheet for recording test on ventilation system. 


XII. Field Trip to Dairy Farms (preferably one with a loafing barn and milk- 
ing room and the other with an individual stall-type barn). 

1 Make sketches of the floor plan for each layout. 

2. Note the degree of compliance to milk-ordinance requirements m each. 

3. Observe features that make for convenience in handling cows and in 

caring for milk. 

4 Observe equipment used in the milkhouse. .u * *u 

5 Write up in chronologi(‘al order each step in the procedure that the 

farmer follows from the time tlie cows are brought into the bam until the 

milk is bottled, ready for delivery. 

0. Compare the two sols of equipment, mcluding ixuiits ‘ 

observation and any others that you may find valuable in more completelj 

describing them. Include sketches with your report. 
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Xm. Inspection of Silos (.4sit at least three different types of silos) 

the and, if possible, 

Spoilage^r for silage? Is there evidence of leakage? 

pressure? Froniloads on fo'llndatio^^^ From^r"' 

4. What provision is made for entrance of P^’^saore on walls? 

silage? For drainage from silo? ^ P’P*^^ '’omoval of 

6. \Miat irthe'^fire^ an^tllr "7“^ 

Pe. ton of storage f^r each type"" Annual cost 

lomputations!^ visited, including observations and 

XIV. Appraisal of a Set of Farm BuUdinas i 

groups and each group assigned to rhtnM »*to 

following in order to facilitate the work) ‘exchange of data 

III fig. 205 is shown a sueeestofi Qho«* r 
of a set of farm buildings. recording data in an appraisal 

XV. A^angement of Buildings on the Farmstead. 

having 96 acrc*s in cultivation,^^50 ^rcrV^p"*" ^ land 

‘•■CSC out so that tL^rcarbTnmwdti'^e^ureTd*' ^ 

,^'r zrr “ rrt. z- 

havj them located satisfactoT^ilTThorJ: you 

"hade and ornamental trees. ‘^nves, windbreak, 

I..P.CU,. T„p cup „ 

"f Jie pmducu; e* . "'•"“'■-•ured p«l„,,., 
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General information: Name of owner_ 

Address___ 

Acres in farm — _____ Classification of land_ 

Acres in cultivation __ 

Acres in pasture_ 

Livestock for best land use: 

Dairy cows ■ Beef cows —__ _ _ _ Horses_ 

Yearlings_Yearlings_ Colts, one year . 

Calves_ Calves_Colts, two years 

Ewes —_8ows Hens_ 


Lambs_ Hogs 




























































































































































































list of visual aids 


Pi-ur,. 35..„,„ 
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nr filmatrip (?>i, «m ZuZItl'ZrtUi': "“Tu U 

•» in color (C. are black and whil, <h<«c nol luted 

Tree, for Tomorrow (Ca^atle 18 min sd) Sh 

practices and how plywood airor«f* r . ‘^'‘^“'MTvation 

material* for vital chemical* cell h houses, raw 

are being ma<Je from trees. ’ PJa«t>C8, and clotliing 

^‘•velopment of the lumlx*r ind.i t • «‘<inence of the 

'^rA-ation practices; logging and m f"*'" con- 

WU.X 1 . etc. ^ manufacturing of lumlx-r, ply- 

llarveBting the HVftcm l^iriee (^\’estem i/i 

^We looting opcrationa aid ZZi" ir,nZ i„Z:; 

h-ftdng methoclt^ 35 min sdj. Shou* 

frames, etc., amj im,tall«ti<m. ' >noation of saHhes, doors. 

'■^XZne, "iZT" iltiZr “ Wr f 
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CrfiZZilZiTofr A .urvcp or 

and hor. ZZ 


34G 


FARM liUlLDlSGH 


eling, etc., and a brief description of its physical properties are 
given. 

Prefabrication with Plywood (Douglas 35 min sd C). Surveys 
the entire prefabrication industry and gives details for factory 
prefabrications, house erection, and a discussion of the future 
possibilities of building houses, farm buildings, and commercial 
structures by this mass-production method. 

How to Finish Plywood (Douglas 22 min sd C). Shows how 
plywood is finished, i.e., painted, stained, enameled, wallpapered, 
to create the proper interior and exterior finishes. 

Building a Home of Western Pine (Western 25 min sd). The 
step-by-step constiaiction of a house is shown. 

The Will and the ITa// (USDA 30 min si). Shows the remodel¬ 
ing and modernizing of an old farmhouse. 

Repainting a Frame Building (USOE 18 min sd). Shows how 
to determine repairs needed on building before painting; how 
to estimate amount ot paint to be used; how to prepare building 
for paint job; how to set up staging; how to prepare factory- or 
home-prepared paint; how to prime coat the building, how to 
store paint and equipment; and how to care for brushes. 

Block That Termite (USDA 20 min sd). Shows the methods 


of protecting buildings against termites. 

Story of Rock Wool Home Insulation (Bur. Mines 25 min sd). 

The use of insulation in the home. 

Adobe Bricks (Bailey 8 min si). Materials used, methods ot 


mixing, forming, drying, and use of adobe bricks. 

Makijig the Adobe Brick (A&B 15 min si). The entire process 

of making adobe brick and using it in construction is shown. 

From Mountain to Ceimmt Sack (Bur. Mines 15 min si). Manu¬ 
facture of Portland cement and preparation for market. 

(Granite—A Saga of Stone (Harmon 15 min si). Shows the 
story of granite: how it is mined, fini.shed, and some of its irnpoi- 


tant uses. . 

Farm Inconveniences (Int’l Harvester 10 min sd). Miows the 
results of carelessness on th(‘ farms as contrasted with ordi'rly 

Worst of Farm Disasters (USDA 10 min sd). SIionn.s liov 
1 ,roper installation of electricity can help prevent farm tires. 
Electricity on th<^ Farm (TVA 30 min si). Its use in rural areas 


is shown. 
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/>ri„gi„„ an 01,1 ll’, far,,, „o„sr. „„ ,,.= 11 \ l-N, 

n..;v Hve i„. "Z!:::ZuZ """" 

can be utilized for most farm buildin^gs 

SOURCES OF THE FILMS LISTED ABOVE 

ci.‘-r. < 

Forbrst. Piul^h'/rp; Station, t.,„, 

C astle Films, 30 Rockefeller Center, New York 20 

"" wih!"' T«oma Huilding, Taeunni. 

Harmon Foundation, 140 IsWu St., New York 7 

International Harvester Co., Inc 180 N M’ k- 

Chicago. ' ^ Ave., 

U 

ILaf • (Can be obtained from Cas.le 

We“LTr “““c“o N T 

«t. Paul, Jfinn. ’ National Hank Building, 
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INDEX 


A 

AhMohite humidity, HI 
Abw>lut<» voiutiu^, 17M 
ArcMisibility, to fields. 3K 
to hiithway, 36 
V|titrr|tHtes4. kind of, 173 
quality of. 174 
temtM for, 174 

Air movement for comfort, 132 
VnimalK, npace for, 16 
Annual rout of buildings, 34 
Annual depreciation. 23 
Appearance of farnist<*ad, 4 K 

Vpple iftorage, 286 

Appran«al of buil<lingM, 25 
\rchiteclure, 2*tH 
Arrangement of biiildingK, 36 
Attractiveneiw of dwellingM, 302 
Auto paae. 60 

li 

liacleria. •epiic-tank, 324 
wood-decay, 161 
balloon frame, 216 
liame, beef-cow, 108 
frame* for. 216 
l»alloon. 216 
pole. 215 
. 215 

rawing, 5 

work-atock, 116 

bathroom, location of. 2^*8 

^ma, type* of, 288 

power of eotla, 2l\4 
Hedrooma, number needed, 2m 
beef cow*, ham re«)uirement* of. 107 
bama for, 108 
bending moment. 226 
bent rafter and frame*. 216 
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bins, grain, 271 
portable, 274 
potato, siie for, 2*K) 

Bird’s mouth, 240 
blocks, building. 1114 
clay, 106 

comer, 105 
I-r-, 106 
bolt^, 170 

spacing of, in joints, 171 
liox plate, 220 
bracing. 222 
of comer |>osts, 55 
of end stnicture, 223 
of houM' walls, 311 
plate, 223 

of roofs, 223 

breeding costa, 23, 24 
breeding re<tuirf*mcnts, 2, 6, 7 
breeding zones, 133 
brick, IIK) 

kinds of, 11M 

maiiiifacture of, llM 

testing of, 102 
brick wall, ideal, 103 
Holok-hak, 104 
bridging, 311 

British ITiermaJ riiii. 123 
brooder house, 03 

arrangement of, 4 I 
ou tdfxir type of. 
buildings, appraisal of. 25-2 h 
use value of, 27 

f' 

Cantile\'er beams, 228 
Carpenter, countr>', ,*> 
f’arrying rapac ity of land. 14 
Casement windows, 207 
Cement. Portland. 173 


Hi iLnisas 



Onlrr in Kiwmrnt. ;#ls 

Ontml ifmin otorairr, 2fA 
(Vntml httfc licniwr, 102 
< liimnry. 314 
('hopp<*<l hay, 2H3 267 
('hore e<|uipmont, lO.^ 

('horp routrti, 74 
('irrulating hinlrr, I.VI 
C'ljMsih cation of huildinip*. 22 
Clay producU, ItM) 

Clay-block silua, 2H0 
Clinchinfc naiLn, 1(MI 
f obbleatoiic, 186 
fonnn for, 187 
foundation for, 186 
('olumiiK, lotiK, 233 
short, 234 
stwl, 235 

( onibination rafters, 242 
(^omforl, air movement for, 132 
definition of, 130. 300 
huniiditv for, 130 
temperature for, 130 
C'omfort lonea, 133. 301 
Common lumber, 164 
Concrete, curing of, 181 
definition of, 173 
eetimating quantities of, 176 
mixing of, 180-181 
reinforcing, 182, 236 
surfacing, 181 
trial batch of, 175 
Concrete blocks. 184, 106 
silos of, 281 
Concrete joists, 185 
('oncrete products, 184 
C'oncrete stave silos, 280 
Condensation, computation for, 143 
ilamage from, 141 
in a alls, 144 
on windows, 142 
Conduction. 124 


ronfinement system for bogs. VI8 
('onnectors for woods joints. 171 
Continuous beams, 22^^ 

( ontour farming. 38 
fervcing in, 58 
field arrangement in, 58 


t onvertion, 124 
t nurt. centra], 41 
t rib, for cow, 270 

p r eesuree on vails fd, 273 
* ’nb Honrs, 272 
< rushing acrriw* gram, 232 
Cubing. 25 

('unng, of oobbloatnnre. JHlt 
of concrete, 181 

r> 

Ihury bam. conrenUonaJ style, 7 h 
environmenl of, 71 
lighting of, 66 
loafing. 81 
onc^atory, 81 
planning of, 62 
stalls for, 75 
T-ahaped, 79 
ventilation in, 68 
width of, 77 
Jlairy rows, 63 
heat produced by, 140 
moisture produced by, 141 
Defects in hirober. 165 
Depreciation, 25 
Design. 209 

fhmenjaoning drawings, 332 
IHpping vats, 114 
Distribution, of loads. 22ti 
of stored grain, 26*1 
Diviflioa of labor, 4 
Dormers, 315 
Drafting equipment, 334 
I>rafting symbols, 333 
IWts. 87 

Drainage, farmstead. 38 
roof, 206 

spouting in, 20rf 
r >rawing. dimemnomng, 332 
isometric, 328 
oblique. 329 
perapective, 329 
picture plane in, 330 
projertioo. 328 
r>nDlnng nips. 72 
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:ir)2 

Mip rjiflrr>» 2.V2, 2^V4 
Mip n*of, (IrHnifion of, i.V2 
plan of, 

Mon f‘nt»*rpn*»*', '.*7 
Mon W, HTJ 

Mun wntoror, lOI 
Mop^' huriiH, 1 \ ff- \ 17 
Morw* 1 IS 

Moum*, arrhitfH'tUP' of, .Hrj 

<wt of, IS 
lieflifrn of, 

officienry of, 203, 2*.*3 
oquiprii«'nt for, 
location «>f, 44 
outlot^k from, 44, ^)2 
planning of, 2*.12, 304 
Mumidity, abtolutc, 141 
applc-Ktoraffc, 287 
comfortable, 130 

(>olato-Htorane, 2H0 

relative, 141 

I 

Individual hog hou«*. 

Individual stall barn, 74 
Inlets, fresh-air, 151 
Insulation, kinds of, 120 
special methods of. 120 
In-ulation materials. 203 
Investments, for dair> enterpnw, 

30, 33. 34, 63 

for poultry* enterpri.‘»e. 32, 34 
returns from, 20 

Iowa roof truss, 247 
Ir->metric draainn- 32S 

J 

Jack rafters, 255 
Jamb blocks. 196 
Joints, bolted, 170, 171 
nailed, 167, 160 
Joist hangers. 222 
Joists, concrete, 185 

K 

King ventilation standard.-. 146-14- 
Kitchen equipment. 203 


h 

diviw>ii erf, 4 
farm, 6 
pbui^ b>r, 2".*3 
aaving. 63 
lauid u«e, II 
I-aying h^MiNC, 87 
liOttering, 32«i, 327 

livestock compound, 120 
lioads, application of. 22ti 
MDOW, 225 
wind, 225 

I^oahng ham, HI, K3. K5 
liOg houfW's, 3 
Iximl>eT, deferU in, 165 
grades of, 164 

\1 

Machiner>% repair shop for, 23<* 
Morage factor of, 257, 2*11 
uae of, 258 
Manger-, dairy, 76 
Manure, disponal of. 65 
storage of, 65 
value of, 66 
Markets, 12 
Ma«>nr>" bams, 21^ 

Material, strength of, *236 
Metal sbeeta, 199 
for roofing, 203 
for fading. 199 
Milkhouses*, 72. 169 

ordinance governing. 6> 
Milking parlor, 82 
Moisture, capacity erf air for, 141 
production of, by anunala, 14t> 

Mortar, IW, 193 

\ 

Naila. clinching. 169 
kinds of. 167 

quantities of. needed. 168 
sizes of. 167 
Xe«t«, 88 
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Oblique drawings, 32!» 

Open sheds. 112, 261 

P 

Paint, value of, 207 
Paper, building, 202 
Partitions, 320 
Perspective drawing, 320 
Pitch of roofs, 230 
Plancher cut, 240 
Planning houses, 304 
I’late, box, 220 

Plumbing, 319 

Pointing cobblestone, 188 
I’ole frames, 215 

Portland cement, 173 

Post frames, 215 

PouItr 3 - housing, costs of, !»2 

equipment for, 88 
remodelling of, 214 
Privies, 320 

Projection drawing, .328 

Q 

(^tialitv products, 8 

4 

R 

ftadiation, heat, 124 
Uadiator size, 157 
Rafters, bent, 249 

combinations of, 242 

gable, 241 

Kambrel, 245 

<lothic, sawed, 248-240 
hip, 2.52 
jack, 2.55 
length of, 242 

square-root method of doter- 

mining, 241 
shed, 243 

^nge shelter, 94 
fenders, 273 
Peal estate value, 11 


Recreation room, 298 
Keinforcing, cobblestone, |.S 8 

concrete, 182 

floor, 236 
kinds of, 184 

Relative humidit.v, 89 , 141 
Remodelling, 209 

Repair, state of, 209 

Repainng, foundation 211 

roof, 211 

Reroofing, 203 

Ribband board, 222 
Roll roofing, 201 
Itolok-bak wall, 194 
Roof, semicircular, 2.50 

Roof design, 315 

Itoof projections, 317 

Roof trusses. Gothic, 248 
Iowa, 247 

semicircular, 217 

Nhawver, 247 

"’ing-joist, 246 

Roofing, kinds of, 200 
life of, 208 

repair of, 211 

Rutherford ventilatioji, I 47 

« 


Safety factor, 229 

•Sanitation, 46 
•Screens, 65 
Seal of quality, 200 
‘Septic tank, 323, 325 
•Service buildings, 46 
central service court of, 41 
•Sewage disposal, 323 
Shawver truas, 247 
Shear, 231 

Sheathing, diagonal, 3 Ji 
Shed rafters, 243 
•Sheep barns, 113 
•Shingles, 200 
Shop and garage, 263 
Siding, 198 
Silage, cost of, 275 
weight of, 277 
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Sills, 300 

Silo, concretp hlork, 2SI 
foundations of, 27S 

kinds of, 279 
location of, 277 
pressure in, 279 
size of, needed, 27P 
Silt test, 174 
Simple beam, 228 
Siphon, automatic, 325 
Size of septic tanks, 324 
Snow loads, 225 
Snow-fence silo, 282 
Sod houses, 3 
Soil, bearing power of, 219 
Spouting, 206 
Square, carpenter’s, 238 

Stairs, 312 
Stall, 75 

Standards for buildings, 20 
Steel barn frames, 217 
Steel beams, 232 

modulus of section of, 233 
Steel columns, 235 
Stepping off with square, 242 
Storage, apple, 286 
central, 269 
distributed, 269 
grain, 268 

hay, 265 
machinery, 257 
potato, 288 

Strength of material, 230 
Stresses, 226 

Summer range shelter, 94 
Sunshine efficiency, 100 

T 

'femperature, for apple storage. 287 
comfortable, 89, 130, 301 
computation for, 136 

control of, 91 
Termites, 163 


Testing, of aggregates. 171 
of brick, 192 
'IVench silos, 283 
Tnisses. Gothic, 348 

house-partition, 310, 329 
low'a, 247 
semicircular, 217 
Shawver, 247 
wall, 312 
wing-joist, 246 

\’ 

Ventilation, with flues, 150 
gravity type, 147 
King system of, 146 
mechanical, 152 
need for, 146 
New York system of, 147 
open-front, 90 
Rutherford system of, 147 
Volume, absolute, 178 

W 

Wall, ideal brick, 193 
Rolok-bak, 194 
Wall covering, 314 
Water systems, 321 
Water-cement ratio law, 175 
Waterproofing, 307 
Weight of materials, 227, 277 
White potatoes, storage of, 289 
Wind loads, 225 
Windbreak, 49 
Windows, 315 
height of, 99 
Wing-joist truss, 246 
Wood, 161 
Wood-hoop silo, 281 
Wood-stave silo, 279 
Work animals, 116 
Work surfaces, 299 
Workrooms, 294 
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